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SCIENTIFIC MEETINGS DURING DECEMBER, 1950 
LONDON. 


Thursday, December 14th, 1900), at 7.30 p.m. 
The following papers will be read and discussed ; 


“ The Oxidation of »-Decaldehyde."" By H. R Cooper and H. W. Melville, 
“ Contributions to the Hydrothermal Chemistry of Silicates. Part 1." By R. M. 
Barrer. 


“Some Comments on Brunauer, Emmett, and Teller’s Adsorption Equation.” 
By D. C. Jones. 


Abstracts of the papers for discussion may be obtained from the General Secretary. 
ABERDEEN. 
Friday, December st, 1950, at 7.30 p.m. 


Lecture, Instrumentation in Modern Methods of Analysis, by Mr. k-. |. Vaughan. 


Joint meeting with the Royal Institute of Chemistry and the Society of Chemical Industry, 
to be held in the Chemistry Department, Marischal College, Aberdeen 


BIRMINGHAM. 
Friday, December 8th, 1950, at 4.30 p.m. 
Lecture, Homolytic Aromatic Substitution, by Professor D. H. Hey, D.Sc., F.R.LC, 


Joint meeting with the University Chemica] Society, to be held in the Chemistry Lecture 
Theatre, The University, Edgbaston, Birmingham, 15. 


BRISTOL. 
Thursday, December 7th, 1950, at 7 p.m. 


Lecture, Carbon as a Material of Construction, by Mr. A. W. Morrison, B.Sc. 


Joint meeting with the Royal Institute of Chemistry and the Society of Chemical Industry, 
to be held in the Chemistry Department, The University, Bristol 


EXETER. 
Friday, December 1st, 1950, at 5 p.m. 


Lecture, Some Seientifie Aspects of Pulp and Paper Manufacture, by Dr. J. Grant, 
M.Sc., F.R.LC, 


Joint meeting with the Royal Institute of Chemistry and the Society of Chemical Industry, 
to be held in the Washington Singer Laboratories, Prince of Wales Road, Exeter. 


GLASGOW. 
Friday, December 1st, 1950, at 6.45 p.m. 
Ramsay Chemical Dinner. 


To be held at the Beresford Hotel, Glasgow 
in the Glasgow area 




















Sponsored by all groups interested in Chemistry 


Friday, December 5th, 1950, at 5.45 p.m. 
Lecture, Cortisone, by The Right Hon. the Earl of Halsbury. 


Joint meeting with the Royal Institute of Chemistry, the Society of Chemica! Industry, and 
the Ardeer Chemical Club, to be held at Ardeer 











HULL. 
Friday, December 8th, 1950, at 6 p.m. 
Lecture, Chemsteal Pessenatiive © Cuatury Aga, by Professor John Read, M.A.. Sc.D.. 
RS. 


Joint meeting with University College Scientific Society, to be held im the Science Lecture 
Theatre, University College, Hull. 





MANCHESTER. 
Friday, December \st, 1950), at 6.30 p.m. 
Lecture, The Application of Radioactive Isotopes in Industry, by Mr. K. Fearnside, 
M.A., A.M.LE.E. 


Joint meeting with the Royal Institute of Chemistry and the Society of Chemica! Industry, 
to be held at Reynolds Hall, College of Technology, Manchester. 





Thursday, December \4th, 1950, at 6.30 p.m. 


Meeting for the reading of original papers. 
To be held in the Chemistry Department, The University, Manchester. 





NEWCASTLE AND DURHAM. 
Friday, December 8th, 1950, at 5 p.m. 
Bedson Club Lecture, The Application of Halogen Fluorides in Preparative Inorganic 
Chemistry, by Professor H. J. Emeléus, D.Sc., F.R.S. 
To be given in the Chemistry Building, King’s College, Newcastle-on-Tyne. All Fellows are 


invited 





ST. ANDREWS AND DUNDEE. 
Friday, December 1st, 1950, at 5 p.m. 
Lecture, Micro-techniques in Chemistry, by Dr. A. F. Colson, F.R.LC. 


Joint meeting with St. Andrews University Chemical Society, to be held in the Chemistry 
Department, United College, St. Andrews 











PROCEEDINGS 


CHEMICAL SOCIETY 





Minutes of a 
SCIENTIFIC MEETING 
held at Burlington House, London, W.1, on October 12th, 1950, at 7.30 p.m. 


The President, Proressor E. K. Ripeat, M.B.E., M.A., D.Sc., F.R.S., was in the 
Chair, and welcomed Professor N. H. Cromwell (Nebraska) and Professor W. A. Noyes 
(Rochester), who were present. 


The Minutes of the Scientific Meeting held at Burlington House on June Ist were taken 
as read, and were confirmed and signed. 


FORMAL ADMISSION OF FELLOWS. 


The following were admitted Fellows of the Society : D. S. Morris, M. T. Davies, P. C. 
Merriman, A. F. Holding, R. W. Woodhead, W. G. Barb, Ivan Harris, N. Uri. 


SCIENTIFIC COMMUNICATIONS. 

The following papers were read and discussed : 

“The Kinetics of the Oxidation of Organic Compounds by Ceric Sulphate. Part I. 
The Oxidation of Acetone."” By J. Shorter and Sir Cyril Hinshelwood. 


“The Kinetics of the Oxidation of Organic Compounds by Ceric Sulphate. Part II. 
The Reactivities of the Aliphatic Ketones and Acetaldehyde.’’ By J. Shorter. 

** Some Oxidation—Reduction Reactions of Hydroxylamine."’ By P. Davis, M. G. Evans, 
and W. C, E. Higginson. 
“ Reactions of the Cobaltic Ion. PartsI, II, and III." By C. E. H. Bawn and A. G. 
White. 

Minutes of a 
SCIENTIFIC MEETING 
held at the University of Manchester on October 19th, 1960, at 7.45 p.m. 
The President, Prorrssor E. K. Ripeat, M.B.E., M.A., D.Sc., F.R.S., was in the Chair. 


In opening the meeting, the President expressed his pleasure in taking the Chair at an 
Official Meeting of the Society in Manchester which was also a joint meeting with local 
sections of the Royal Institute of Chemistry and the Society of Chemic al Industry. 
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LECTURE. 

After a brief introduction, the President called upon Professor R. D. Haworth, F.R.S., 
to deliver the lecture entitled, ‘' The oa of the T 

At the conclusion of the lecture, Dr. G. N. Burkhardt, Chairman of the Manchester 
section of the Royal Institute of Chemistry, Sacer a vote of thanks to the lecturer which 
was carried with acclamation. 





OFFICIAL ANNOUNCEMENTS 
DEATHS. 


The Council regret to announce the deaths of the following Fellows 


Elected. Died 

Kobert Bickerstaffe (Blackpool) .. Dec. 3rd, 1908 Sept. 5th, 1950 
Stuart Blofeld (Birmingham) —— .. Feb. 16th, 1800 Aug. 19th, 1950 
Wiliam Kenneth atham Harding 

(Swansea) pictbones Aug. 21st, 1047 Sept. Lith, 1950 
George Mason Hills (Salisbury) oe May 17th, 1065 Sept. 12th, 1950 
Urban Orlando Scotchburn Nairne 

Twickenham) Dec. 3rd, 1903 Oct. 2nd, 1950 
Donald Cumming Wilson (Edinburgh) Sept. 18th, 1041 Sept. 4th, 1950 


ELECTION OF NEW FELLOWS 


The following 13 candidates were elected Fellows of the Society on October 12th, 
190 

Dilip Kamar Datta Keith Desmond Reeve 

Alan Mora Cobry Adelle L. Koginsky 

Patricia Freedman ohann Claus Peter Schwarz 

Herbert Jacobson ioward Alton Vanghe, jun 

Philip Cowey Johnson William Kingston Warburton 

Francis Thomas Meehan Algerd F. Zavist 

Philip John Moseley 


MEETING OF COUNCIL 

A Meeting of Council was held on October 12th, 1950. 

The Report of the meeting of the Joint Library Committee held on September 27th 
was received, and the list of books recommended for purchase was approved. 

The thanks of the Council have been conveyed to Dr. R. C. Farmer, Mr. W. H. Perkins, 
Mr. G. W. Young, and to Messrs. J. Lyons and Company for gifts of the Society's 
publications 

Professor E. D. Hughes was co-opted as Honorary Secretary until the next Annual 
General Meeting in place of Dr. A. King, whose resignation was accepted with regret 
Professor Gwyn Willams was co-opted as a Member of Council for Constituency I until 
the next Annual General Meeting in place of Professor F. 5. Dainton, who had retired 
under Bye- Law 56 

The Report of the Bureau of Abstracts for 1949 was received. 

It was reported that the President would accept the invitation of the American Chemical 
Society to represent the Chemical Society at the 75th Anniversary Celebrations of the 
Foundation of the American Chemical Society to be held in New York on September 3rd 
7th, 1951 


ANNUAL REPORTS ON THE PROGRESS OF CHEMISTRY. CUMULATIVE INDEX 
VOL. I (1904). VOL. XLVI (1949) 

A Cumulative Subject Index to the Annual Reports on the Progress of Chemistry covering 
the entire series, including the volume for 1949 (published 1950), is now being prepared 
and will be published in the early summer of 1951. 

It is considered that this index will be of the greatest value to chemists, since those in 
possession of a series of Anuwal Reports will be provided, at very moderate cost, with a 
most useful, yet compact guide to the chemical literature of the period. 
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The Index will be similar in format and binding to the Annual Reports, and ts expected 
to contain approximately 300 pages. It will be published at 25s., but Fellows may purchase 
the volume at 12s. 6d. provided that payment is received by the General Secretary before 
January 3ist, 1951. 


THE LIBRARY. 
The Library will close for the Christmas Holidays at 1 p.m. on Friday, December 22nd, 
and re-open at 10 a.m. on Thursday, December 28th. 


INTERNATIONAL UNION OF CRYSTALLOGRAPHY. 

The Second General Assembly and International Congress of the International Union 
of Crystallography will be held in Stockholm from June 27th to July 3rd, 1941, and Fellows 
of the Society are invited to attend. Intended participants are asked to inform the 
Assistant Secretary of the Royal Society, Burlington House, London, W.1, from whom 
further particulars may be obtained. 


MEETINGS OUTSIDE LONDON. 
SOUTHAMPTON. 


‘ The New Elements,"’ by Professor H. J. Emeléus, D.Sc., F.R.S. 


A joint meeting with the Mid-Southern Counties Section of the Royal Institute of 
Chemistry and the Portsmouth and District Chemical Society was held at the Municipal! 
College, Portsmouth, on October 9th, 1950, with Mr. R. Chatterton in the Chair. 

Professor Emeléus gave an account of recent developments in the field of the trans 
uranic elements and also considered briefly the chemistry of the elements technetium, 
promethium, francium, and astatine. After the discussion, which followed the lecture, a 
vote of thanks to Professor Emeléus, proposed by Dr. K. R. Webb, was warmly accorded 
by the large audience. 


LIST OF APPLICATIONS FOR FELLOWSHIP 


(Fellows wishing to lodge objection to the election of these candidates should communicate with the 
Honorary Secretaries within ten days of the date of publication of the “ Journal” for November, 1960 
Such objections will be treated as confidential, The forms of application are avaslable in the Library.) 


Aspinall, Samuel Rusmisell, A.B. (W. Virginia), Ph.D. (Yale). American. 34, Grosvenor Square, W.1 
Scientific Liaison Officer, U.S. Office of Naval Research (London Branch). Signed by: C. FE 
Sundenlin, R. P. Linstead, G. J. Szasz 

Astill, Bernard Douglas, 8 Sc. (Nottingham). British. 96, Rutland Road, West Bridgford, Notting 
ham. Research Student, Nottingham University. Signed by: F. E. King, T. J. King, J. A 
Baker 

*Barlow, Philip William. [ritish. King’s College Hall, Champion Hill, S.E.5. Student. Signed by 
S. H. Harper, G. H. Williams, V. Gold 

*Belford, Terence Neil. British. 5, North Drive, Ruislip. Student, University College, London 
Signed by ; Henry Terrey, R.S. Nyholm, 0. L. Bray 

*Bennett, Michael Camm. British. King's College Hall, The Platanes, Champion Hill, 5S.E.5. Student 
Signed by; S. H. Harper, G. H. Williams, V, Gold 

Blair, Derek, BSc. (Lond). British. 34, Hampton Road, Southport. Lecturer in Chemistry 
Signed by > Arnold Cooksey, Maurice Woodhead, Ernest Foley 

Brown, John Bernard, 8.Sc. (Manc). British. 23, Church Street, Atherton, Manchester. Research 
Student. Signed by; Cyril L. Cook, M. C. Whiting, H. B. Henbest 

*Buxton, Michael William, B.Sc. (Birm.). British. The Croft, Hassock Lane South, Shipley, Nr 
Derby. Student. Signed by; L. L. Bircumshaw, E. J. Bourne, J. C. Tatlow 

Charles Arnold, B.Sc. (Wales). British, Ty Mawr, Yepytty Ystwyth, Nr. Aberystwyth 
Senior Chemistry Master, Tregaron County School. Signed by: C. W. Davies, C. B. Monk, Manse! 
Davies : 

*Crocker, Albert John. Hritish. 16, Wallwood Road, Leytonstone, E.11. Student. Signed by G 
Mattock, M. R. Porter, M. A. Crook. 

*Curtis, Robert Frank, B.Sc. (Bristol). British. The Laurels, Saltford, Bristol. Research Student 
Signed by; W. Baker, John F. W. McOmie, W. D. Ollis 

*Davies, Glyn, B.Sc. (Lond.), A.R.LC. British. 59, New Hall Road, Ruabon, Wrexham. Analyst 
Signed by: Edgar G. Brickell, E. W. Bodycote, R. P. Wood 








Bornaré Ernest, !) (Lend.). British. 174, Hametil Road . Southchurch, Southend-on-Sea 


RW. Woodhead, A.M. James 
“rime, Bona, 85 iB), AKLC. British 14, Kirkliston Park, Bloomfield, Belfast. De 
monstrater, Chemistry Department, Queen's University, Belfast. Signed by: N. J. H. Small, 


1189, Dandenong Road, East Malvern, Melbourne. Studying 

. Signed by: EB. J. Hartung, W. Davies, Kenneth L. Pausacker 

Helier, Howard Bugene, B.S. and Ph.D. (Chicago), American. 11, Provost Road, Chalk Farm, N.W.3 
_ C. A. Bunton, P. B. D. de la Mare. 

_ British 63, Weston Park, Crouch End, N.S. Assistant 


Baléwin, B.Sc. (Lond), ARLC. British, 56, Ferney Lee Road, Todmorden 
by: W. B. Whalley, A. McGookin, R. A. Eade 
Terrace, Hove, 3. Student. Signed by 


| ARIC British. 5, Thornwood Rod, Lewisham, S.E.13 
by Arthur I. Vogel, G. H. Jeffery, L. Ellison 
British. 91, Grove Road, Walthamstow, E.17. Student. Signed by 
> Mattock, H. Holness, R. A. Tingey 
Signed by: CA 


British. 27, Rectory Road, Crumpsall, Manchester 
Signed by: Geotirey W. Wood, E. B. Bates, D.C. C 


Victoria Louise, B.Sc. (Lond). British. Royal Holloway College, Englefield Green 
Signed by - Gwyn Williams, T. G. Bonner, A. G. Foster. 
Mason, Leslie Frederick Alfred, Sc. (Lond). British. 128, Shrewsbury Road, New Southgate, N 11 
Research Chemist. Signed by. J. Ratcliffe, M. A. Phillips, D. Ridge 
, Kunj Behari Lal, 1) Sc (Agra), FRC. Indian. Chemistry Department, The University 
Delhi, India. Lecturer in Chemistry. Signed by: T. R. Seshadri, 8. 5. Desh . H. Krall 
Myatt, James Kenneth, B.S< (Leeds). British, 72, Arch Street, Rugeley Industrial Chemist 
Sigued by > Margaret |. Whitaker, D. C. Nicholson, N. H. Hartshorne 
“Owen, Alan Ernest. Hritish 14, Cranmer Avenue, Hove, 4. Chemistry Student. Signed by 
C. A. Lewis, | H. Watson, T. J. Morrison 
Quartey, Joseph Kwatekwei, 8.A (Cantab). British. QueensCollege,Cambridge. Student 
Signed by F.G. Mann, B. Lythgoe, P. Maitland. 
*Rosenberg, Harry. firitish 152, Lancaster Road, N. Kensington, W.11. Student. Signed by 
}. FP. J. Dippy. J. FP. McGhie, A.M. James, H. K. Dean 
William, & Sc and Ph.D. (Aberd.). British. c/o Mrs. Edwards, Sunny Bank, Green Lane, 
Liangolien. Research Chemist, Monsanto Chemicals Ltd. Signed by G. T. Kennedy, B. B 
Millward, A. M. Spivey 
Leonard, BH S<. (firm). British 161, Gibbins Road, Selly Oak, Birmingham, 29. Civil 
Servant. Signed by L. L. Bircumshaw, M. Stacey, F. W. Pinkard. 
*Shaw, Alfred Edward. [ritish 54, Main Street, Mexborough. Student. Signed by: T. S. Stevens, 
G. L. Hollis, J. D. Hobson 
Michael Arthur. [iritish 164 Riddlesdown Koad, Purley. Undergraduate, University of 
FP. H. Pollard, ]. K. N. Jones, T. Malkin 
Ronald Edwin, BSc. (Lond) Biritish 16, Ravenscroft Road, Beckenham. Research 
Student. Signed by: S. H. Harper, D. Thompson, R. A. T 
Taylor, jun., Edward Curtis, A. and Ph.D. (Cornell). American. Albert Noyes Laboratory of Chemistry 
Department of Organic Chemistry, University of Illinois, Urbana, Illinois, U.S.A. Research 
Fellow —'s by. GW. Kenner, A. J. Birch, A. W. Johnson 
*Todd, B.Sc. (Lend.). British. Craig-ny-Baa, Lasted Lane, Tatsfield, Nr. Westerham 
Analytical Chemist. Signed by L. E. Walpole, A. R. Powell, J. F. Cavalla, J. McGhie 
Ronald Henry, !S<. (Lond) British 318, Alexandra Park Road, Wood Green, N 22 
Chemist, Milton Antiseptic Ltd. Signed by W. Gerrard, H. J. S. King, C. G. Smith 





UNDER SPECIAL PROVISION APPERTAINING TO CANDIDATES RESIDENT ABROAD. 


Den Hertog, Herman Johannes, 1) Chem. (Amsterdam) Dutch Ericaplein 3, Wageningen, Holland 
Professor of Organic Chemistry, Agricultural University of The Netherlands Signed by Frederick 
Challenger 





Ph.D. (Berlin). German. Reelkirchen Dorfstrasse 2, Nr. 
. Independent Literature and Patent Chemist. 


Chemical Laboratory, University of Chicago, 
Rideal. 


SJ 
Univ., St. Lowis). American. 546, Hollywood Place, Webster 
—— Missouri, U.S.A. Graduate Student, St. Louis University Signed by: Fridolin A. 


Suniatiem, Ons Sioned, 2S. (New York), Ph.D. Sean. American. 1356, New York Avenue, 
Brooklyn, New York. Signed by: David Y. C 


° naaiicahiniianetin 





PAPERS RECEIVED. 
(List of papers received between September 19th and October 17th, 1960.) 


 Antituberculous compounds, Part VII. Some further N-substituted amidines and 
analogues.”" By P. T. CHartton, G. K. MALIPHANT, P. Oxiey, and D. A. Peak. 
Aminoalkyl tertiary carbinols and derived products. Part IV. Spasmolytics; phenyl- 
and cyclohexylphenyl-carbinols.”’ By D. W. Apamson, P. A. Barrett, and S. 
WILKINSON. 
“The phosphorus metabolism of Bact. lactis aerogenes.’ By P. C. CALDwELL and Sir 
Cyrit HINSHELWOOD. 
“ The nature of the phosphorus compounds present in cells of Bact. lactis aerogenes.’ By 
P. C, CALDWELL. 
‘ The formation and fission of quaternary salts of heterocyclic bases containing reactive 
alkylthio-groups.’’ By D. J. Fry and J. D. Kenpatt. 
’ The action of heat on heterocyclic bases containing an alkylthio-group. PartI. 2-Alkyl- 
thiobenzthiazoles and 2-alkylthiobenzoxazoles."’ By D. J. Fry and J. D. Kenpa... 
‘‘ The preparation of some toluene-p-sulphonanilide derivatives. A note on the reactivity 
of ethylene chlorohydrin."" By J. GLazer and E. E. Turner. 
The optical resolution of §-hydroxy-§-phenylbutyric acid.’" By Joan A. Reip and 
E. E. Turner. 
‘ The constitution of laminarin. Part I. An investigation on laminarin isolated from 
Laminaria cloustoni."’ By J. J. Conner, E. L. Hirst, and E. G. V. Percivar. 
‘The hydrogen-calomel cell. Part I. The hydrogen electrode.” By G. J. Hitts and 
D. J. G. Ives. 
‘ The hydrogen-calomel cell. Part I]. The calomel electrode."" By G. J. Hitts and 
s=aND. J. G. Ives. 
‘ The hydrogen-calomel cell. Part III]. The standard E.M.F. at 25° c."" By G. J. Huts 
and D. J. G. na 
The 2-phenyl ipyrrolines a redetermination of the structures of the supposed 2-pheny]- 
A*- and -A Soonsiians™ By F. E. Kine, J. R. MARSHALL, and P. Smrrn. 
 8-Aroylpropionic acids. Part I]. The action of o- and p-methoxyphenylmagnesium 
bromide on succinic anhydride."’ By F.G. Bappar and L. S, EL-Assat. 
“ Studies in co-ordination chemistry. Part VII. Complexes of univalent copper with a 
di(tertiary arsine).’’ By A. Kasesu and R. S. NyHoLM. 
The chemistry of the triterpenoids. Part I]. The partial synthesis of morolic acid.” 
By D. H. R. Barton, C. J. W. Brooks, and N. J. Hotness. 
The kinetics of the dissolution of zinc in aqueous iodine solutions. Part 1.’ By L. 1. 
BircumsHaw and A. C. Rippirorp. 
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Some trinuclear cyanine dyes. Part IV. The action of acid on dinuclear intermediate 
dyes” By Frances M. Hamer. 

’ The synthesis of pantothenic acid-2’ and -4’ phosphates as possible degradation products 
of coenzyme A.” By J. Bappitey and E. M. Twain. 

Eight- and higher-membered ring compounds. Part I. General introduction.” By 
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* FINER FEATURES OF BALANCE DESIGN NO. 1 


Baie. 


Corundum Bearing Planes 


Corundum, « single crystal grown under 
controlled laboratory conditions, is the 
chemist’s own contribution to precision 
weighing. Corundum has a hardness 
greater than that of Agate (9 on Mohs scale 
compared with 7) and can be polished 
optically flat to provide an ideal, wear- 
resisting balance bearing. Tests in our 
laboratories, which simulated twenty years’ 
normal use, show little loss of precision in 
Balances fitted with these planes. 

For the resmaits of these tests, the first ever 
made into the natability of Corundum for 
Balance bearings, se¢ Hodsman in 9.Sc1., 
Vol. 26, No. 10, October 1949. A reprint of 
this paper by Dr. G. F. Hodsman may be 
had on apphcanon 


L. Oertling Ltd. 





The illustration shows, on the left, the 
central Corundum bearing plane, and on 
the right a pan supporting stirrup—fitted 
with a Corundum plane—resting on the 
knife edge. 

All our prismatic analytical balances are 
now fitted with Corundum, ensuring after 
many years’ constant use the accuracy and 
reliability for which Ocrthing instruments 
are justly famed 
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SL Oosing 


"One of @ series showing the Ocrtling 


contribution to the science of precision 
weighing. 
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identification 


The first edition of “Organic Reagents for Organic Analysis” was 
published by Hopkin & Williams Ltd. in 1944, and has established 
itself as a standard book of reference for organic chemists. 

The Second Edition, considerably enlarged and including much more 


comprehensive meiting point tables. gives unusually detailed directions 


of recent development and have not previously been collected or 
described outside the original literature. 

The Second Edition will be available shortly (at a cost of 12/6 per 
copy, postage extra), and enquirfes for copies should be made to the 


undermentioned address. 
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| SECOND EDITION | 





Organic Chemistry 
Professor LOUIS F. FIESER and MARY FIESER 


This book is intended to be both an introduction to organic chemistry 
and a general survey of applications of organic chemistry to biological 
and medical sciences and to technology. The six-year period since 
publication of the first edition has seen significant advances in funda- 
mental organic chemistry, biochemistry, and technology, and this second 
edition has been completely revised and brought up to date and includes 
two new chapters entitled Heterocyclic Compounds and Reaction 
Mechanisms. 


9} x 6} inches. 1144 pages. Cloth boards. 42s. 


Harraps also publish Experiments in Organic Chemistry by Professor 
Fieser, 2nd edition. 8, « 5) inches. 500 pages. Cloth boards. 17s. 6d. 


GEORGE G. HARRAP & CO. LTD 
182 High Holborn, London, W.C.1 
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AT REIGATE quem 
OUR JOB 


AS ESSENCE MANUFACTURERS 


IS TO TAKE NATURAL PRODUCTS WHICH 
HAVE A FLAVOUR OR AROMA OR BOTH; 
EXTRACT FROM THEM THE PRINCIPLES RE- 
SPONSIBLE FOR THAT FLAVOUR AND AROMA, 
AND THEN PREPARE THESE PRINCIPLES IN 
SUCH A FORM AS TO BE EASILY AND CON- 
VENIENTLY AND ECONOMICALLY USED BY 
OUR CUSTOMERS. 


WE ARE SPECIALISTS IN THIS FIELD AND CAN 
OFFER GUARANTEED NATURAL PRODUCTS 
WHICH FOR QUALITY AND TRUE FLAVOUR 
ARE IN A CLASS BY THEMSELVES. 


REIGATE BRAND— 


VANILLA NATURA 
GRAPEFRUIT NATURA 


ORANGE NATURA 
(SWEET OR BITTER) 


ORRIS NATURA 
WHITE, TOMKINS & COURAGE, LTD. 
NORTH ALBERT WORKS, REIGATE 


TELEGRAMS: ESS WHITE, REIGATE TELEPHONE: REIGATE 2242.3 


ESTABLISHED 1841 
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You are invited to compare the above actual batch analysis with the purities guaran- 
teed by the specifications of any competing maker in this country or abroad. 


THE GENERAL CHEMICAL & PHARMACEUTICAL CO. LTD. 
Chemical Manufacturers, Judex Works, Sudbury, Middlesex 
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567. The Absorption of Quinine by a Carboxylic Acid Ion-exchange 
Resin. 
By L. Saunpers and R. Srivastava. 


The rates of absorption on, and elution from, a carboxylic acid ion-exchange resin have been 
studied for quinine, and the must favourable conditions have been determined. These have 
eee wn ee fal eer cece mae ene na cet yd genre ne gy ae 
been obtained. The maximum capacity of the resin depended on the rate of running, but when 
a very fine resin powder (less than 60 B.S.S.) was used this rate could be very considerably 
increased without loss of capacity 


The mechanism of absorption is discussed with reference to an empirical equation for the 
rate of absorption. 


Tue possible application of weak(carboxylic)-acid ion-exchange resins to the purification and 
separation of organic bases has been suggested by Winters and Kunin (/nd. Eng. Chem., 1949, 41, 
460) who showed that considerable absorption of alkaloids by the resin Amberlite IRC 50 does 
occur. They also indicated that non-aqueous solvents could be used with this resin. 

The use of the strong(sulphonic)-acid resins in alkaloid recovery (Nachod, “ Ion Exchange,” 
Academic Press, New York, 1949) and in separation of organic bases (¢.¢., Partridge and Westall, 
Biochem. J]., 1949, 44, 418) is established. Little work has yet been recorded on similar 
application of the carboxylic-acid type, although Hems (J. Soc. Chem. Ind., 1948, 67, 77) 
reported that a resin of this type had insufficient capacity for commercial separation of amino- 
acids. The weak-acid resin would appear to offer better opportunities than the strong-acid 
type for the delicate separation of mixtures of similar organic bases. 

As a first step in the study of the absorption of alkaloids by the hydrogen form of a weak-acid 
resin, the interaction of alcoholic quinine solutions and the commercial resin, Amberlite IRC 50, 
a monofunctional carboxylic acid resin (Kunin and Barry, Ind. Eng. Chem., 1049, 41, 1269), has 
been examined quantitatively. 

Quantitative studies of ion-exchange processes have been mainly concerned with equilibria 
rather than with kinetics. This is understandable with processes involving exchange of small 
cations on a strong-acid resin, since equilibrium is reached fairly rapidly. For a large organic 
base and a weak-acid resin, however, the equilibrium, if a true equilibrium exists, is only reached 
very slowly and kinetic considerations are important. Among the kinetic studies with ion- 
exchange resins which have been reported are those of Nachod and Wood (/. Amer. Chem. Soc., 
1944, 66, 1380), who showed that the rate of exchange of small ions on a strong-acid resin could 
be expressed by a bimolecular reaction rate equation. Kunin and Myers (j. Physical Chem., 
1947, 51, 1111), made a detailed examination of the kinetics of exchange of acids on a weak-base 
resin and found that the rate of absorption was mainly determined by the rate of diffusion of acid 
through the gel structure of the resin. This was shown by the fact that the amount, Y,, of 
anion absorbed after a time ¢ was related to ¢ by a parabolic equation, Y,/Y, = #4. In 
support of this view, the rate of exchange was found to depend on the size of the resin particles. 
Heymann and O'Donnell (J. Colloid Sci., 1948, 3, 479) have pointed out that in the case of anion 
exchange between an acid solution and a weak(amine)-base resin, two mechanisms are possible : 


(R-NH,* + OH-) + Ht + Cl- = (R-NH,* + Cl-) + HO 
R-NH, + H* + Ci- = (R-NH,* + Cl~) 


The former is an ion exchange, whereas the latter is a molecular absorption of acid. According 
to these authors, there is no unambiguous method of determining which is the main mechanism. 

Kressman and Kitchener (/., 1949, 1211) studied the equilibria between large organic cations 
and the ammonium form of a strong(phenolsulphonic)-acid resin, and concluded that these 
equilibria can be represented by the law of mass action, and that since the affinities of bases for 
the resin, as measured by the equilibrium constants, increase with increasing ionic size the bases 
must be held on the resin by forces other than the simple Coulomb forces which hold inorganic 
ions on such a resin. They observed, however, that increasing ionic size reduces the rate of 
absorption of the organic bases. In the case of quinine hydrochloride solution, they found that 
equilibrium was not reached after twenty weeks’ contact with the resin. 

This paper describes the results of some studies of the rate of absorption of quinine base from 
alcoholic solutions, by a weak-acid resin. The behaviour of quinine on a column of the resin 
is also described. 

9a 





2916 Saunders and Srivastava: The Absorption of 


EXPERIMENTAL. 


Materials _-Amberiite [KC W was meved into 20/40 and 40/60 British Standard weve fractions. 
The air-<ined resin was weighed and completely converted into the hydrogen form immediately before 
use by being soaked in hydrochloric acid made 2m. in the solvent to be used. Alter several hours, the 
acid was replaced by fresh solution, in which the resin was left overnight. Before use, the acid was 
poured off. and the resin washed thoroughly by decantation enti! the washings showed no acidity. The 
mean lose io weight on heating a aumber of samples of the air-dried resin to 110° for several hours was 
37 + 056% 

(pe oy gees damage teecmeteane nates th imams tat 172° and 
73 


Capac of te Renn.—The capacity of this resin OSE ae See been nane a 10 milliequivs. g. 
(Kunin y, foc, cit. 19469, 41, 1269). The capacities for d ions were deter- 
mined by shaking the resin with excess of ammonium and sodium oaendes aahainone for a week and 
then titrating the alkali solution with standard acid. The capacities were almost exactly the same, 
10 milliequivs. g. of 110°-dried hydrogens form. 


Kinetics. —Ia the first set of kinetic pede a 5-g. samples of the air-dried resin were 
into the hydrogen form as ribed. experiments had shown that a 
holic acted was for thes purpose. The hydrogen 
. qaickly surface-dried on filter paper, and to 250-ml conical 
ae ae Cees Se 100 mi. of quinine solution at 20° ta ethanol or 50%, aqueous 
ethanol were then toeach flask. After being well shaken, the mixtures were kept in a thermostat at 
20° and shaken intermittently such shaking was thought to give a better representation than continuous 
stirring, of column conditions of contact between solution and resin. The experiments were carried out 
smultancously 

At definite time intervals, 10-ml. of each solution were withdrawn, rapidly analysed 
polarimetrically for quinine content, and then returned to the mixture. As the specific rotation of 
— varies in di t solvents and also ‘wah concentration, rotation-concentration curves were 
rmined for all the solvents used and also with various additions of hydrochloric acid and ammonia. 
The rotations gave the t of (= mill *) absorbed by the resin inf hours. Measurements 

were continued for up to 7 days, after this time very slow absorption was still found im most cases 


In the second set of experiments, the carly stages of absorption were studied by putting 0-5 g. of the 
hydrogen form (weighed as air-dried form) in 10 mi. of quinine solution in a polarimeter tube. Very 

tent contact between resin and solution was maintained by inverting the tube frequently. At 
definite time intervals, the resin was allowed to settle (which it did very rapidly) — the optical rotation 
determined. This technique gave higher rates of absorption than the method 


Elution Kimetics.—Fot determination of the rates of elution of quinine from 5-g (air-dried) samples 
on which a known amount of quinine had been absorbed, the resin was rapidly washed with a small 
amount of solvent immediately after completion of the absorption measurement, surface-dried, and 
transferred to a conical @ask containing 100 mil. of eluting solution. The rate of elution was followed 
polanmetrically, as described above. 


Column Studies —The behaviour of quinine on a column of Amberlite IRC 50, was examined. 50 G. 
of the air-dried form of the resin (20/40 B.S.S.) were converted into the hydrogen form with acid in 50% 
ethanol, and packed wet, in successive smal! portions without tamping, into a Pyrex-glass tube 30 cm. 
long and of 25-cm internal diameter. The bottom of this tube was sealed to a capillary tap and packed 
with « small quantity of glass wool. A siphon device was fitted to prevent drying out of the resin in 
overnight running. 0) G. of resin occupied 20 cm. of the column length. A 2-cm. layer of liquid was 
maintained above the resin to prevent uneven absorption, and the solutions were added from a tap 
funnel. The total volume of liquid in contact with the resin in the column was 29-5 mil. 


After being packed into the column, the resin was thoroughly washed with 2n-hydrochloric acid in 
NO%, ethanol, and then with 50% ethanol until the issuing liquid showed no acidity. To check that no 
material was dissolved from the resin by ethanol, 100 ml. of this liquid were run through the column very 
slowly (24 hours), and the eluate was collected and evaporated to dryness. The residue, if any, was 
<1 me 











Resvwlts 


The comtined results of the absorption kinetic experiments showed that the following factors influence 
the rate of absorption of quinine on Amberlite IRC 50; (i) The initial concentration of solute (@ milli- 
moles 100 m]). (ii) The nature of solvent, absorption from 4% ethanol solution being more rapid than 
that from pure ethanol for a given value of a4 (iii) The method by which the resin was converted into 
the hydrogen form. equeous 2x-acid produced a less effective absorbent than alcoholic 2n-acid. (iv) 
The amount of base already absorbed on the resin (* millimoles). (v) The stirring conditions. (vi) The 
particle size of resin. (vii) The initial pH of solution. 


The ts (« millimeles) absorbed in time (f) are shown in Figs. 1 and 2. 


Fig. | shows that the initially rapid rate of absorption later decreased greatly. After 28 hours it was 
almost independent of the imitial quinme concentration a. After 7 days slight absorption was still 
detectable in some cases. The relation between the rate of absorption ds /dé and ¢ was studied in detail 
for the ethanol solutions, in which a wide variation of 4 was possible. No significant constants were 
found by applying first. or second-order reaction velocity equations to the results. An empirical relation, 
however, represented the results quite closely, for values up to 24 hours, namely : 


ds /dt — ha(a — x)/2* ¢ = =e + Se Ue 
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where 4 = constant, ¢ — initia] solution concentration in millimoles 100 ml., s = millimoles absorbed 
by 5 g. of resin, and ¢ = time in hours 


For the early of absorption, (¢ — s) approximately equals 4 and by this substitution equation 
(1) can be integrated to give the simple solution 
or sah . (3) 
where A’ = (34a*)t. 
From equation (1), the mean value of 4 was found to be 0-014 with a standard deviation (s) of 0-004 
among twelve results. By direct of equation (2) to the experimental measurement up to 
7 hours, 4 was found to be 0-012 $0002. The higher variance of the mean value from equation (1) 


reflects the error in the graphical differentiation of a curve whose slope is changing rapidly ; 
theoretical rmplications of this equation are discussed later. 


Fie. 2 


Early stages of absorption of quinine by Amberlite 
IRC 50. 5G. of air-dried resin + 10 ml. of solution. 


0-25 





Fic. 1. 
Rate of ab on of quinine by Amberlite IRC 50 


5G. of air-dried hydrogen form + 100 mi. of solution. lee pa 
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HCl to pH 7. 





For 50% ethanol solutions, equation (3) was followed quite closely for a given value of a, but A’ was 
not directly. proportional to af when a was varied. 


In the second set of kinetic experiments, which were concerned with absorption in the first hour, 
equation (3) was found to hold over a wide range of experimental variations. The value of 4’ was, 
however, higher than that obtained in the first set of measurements under comparable conditions. This 
was due to the very efficient contact between resin and solution in the one-hour experiments, The 
values of &’ are summarised in Table I, together with s and N (the number of results from which A’ was 
calculated) ; all values except one refer to 20/40-B.S.S. resin. 


The value of &’ provides a useful quantitative assessment of the effect of changes in experimental 
conditions on absorption rate. The most favourable conditions for absorption appear to be the use of 
50°, ethanol as solvent with as high a value of 4 as possible and a small resin-particle size. 
addition of acid to the quinine solution must be avoided. 


The effect of pH change on the rate of ion is considerable. At pH 8 the rate is slightly below 
that found without addition of acid, but, at p se line aelniaaee one dot Ae patented A 


oe anaes 5 ening et Pe 6 ion some further kinetic experiments 
were carried out by the first ened eth auaines Guimine elution in ethanol containing 3-09 mitlimoles /100 
> H the optical rotation of samples were measured at various times. The pH falls 
i ae eer cans change quinine content of the solution, but in the first 

hours does not fall below §, so that this effect not greatly affect the rate of absorption for periods 
to 24 hours. 
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Taste I 
First method, up to § Ars, Second method, up te 1 Ar., 


2 ‘ 

, 26-60 in F0OH ‘ O18 @, 3-09 in EtOH oOl4 
2 os 0-05 4, 3-09 in W% EtOH . 0-07 
#17 a ool As above + HCl to pH § 0-07 
a0 + o-Ol As above + HCl to pH 7 ool 
617 in 50% EtOH &Ol As above + HCi to pH 6 0-02 
suv os - 0-05 As above, 40/60 B.S.S. resin O15 
a, 617 in 3%, EtOH ae. 0-05 


ee eevevene “ * 


Equiltérium Values of Absorption.—lIn all but the most concentrated ethanol solution of quinine, very 
slow absorption on to the resin still continued after 7 days of contact. The maximum amount of quinine 
abeorbed (after 7 days’ contact) was found to be 2-06 millimoles g. of 110°-dmed hydrogen form 


Taste Il 
Percentage elution of quinine from resin by various solutions. 


Initially, 1 millimole of quinine ¢ of resin Initially, 6-3 millimole of quinine/g. of resin 
2n-HCl, 2n-HCl in Conc All in 30%, ethanol. 
thre. aqueous. 50% EtOH HCl thre. OS~-NH, x-NH, 2n-NH, 
1 476 459 58-2 37.5 : Ta 
3 Sil 57-4 670 “3 vs 3 
6 “3 67-1 70-5 60-8 90-7 
24 617 #6 744 7Ts4 
45 eeu sau 57-6 : v0 


Eiution.— The results of the studies of rates of elution of quinine from the resin are shown in Table II 
Although the results with hydrochloric aced and ammonia are not exactly comparatie, the incompleteness 
of acid elution was confirmed by work with a resin columa. From the above results it is seen that 
alcoholic acid is again more effective than aqueous acid of the same strength Complete elution in a 
reasonably short time can therefore be expected with N- or 2N-ammonia in 50°, ethanol under column 
elution conditions 


Column Studies — Aquevus-ethanolic solutions of quinine, of concentration 617 millumoles 100 mi 
were run on to the resin colomn already described, at various rates, and the width of the band formed 
was measured by examining it in ultra-violet light The band could often be seen under the ordinary 
laboratory lighting owing to the distinctive appearance of resin particles loaded with quinine. Some 
results are shown in Table II. It is seen that the working capacity of the resin for slow flow is 0-9 and 
for more rapid flow 03 millrmole ¢ The rate of fow of solution on to the resin could be considerably 
increased by using 4 resin of smaller particle size, without loss of capacity 


Taste Ill 


e g. of air-dried resin involved in band {calc}; ¢ time in hours taken to run on solution 
millimoles of quinine; s+ = millimoles quinine per 5 g. of resin in band 


Band width, cm u sie 
4 10 5 ow 
‘ 10 oe 
35 Ss 0-96 


The & value is closer to the value found for a solution of 4 ~ 6-17, as determined by the first kinetic 
method, than to the value found by the second method (see Table 1). suggesting that intermittent shaking 
may give a better representation of column absorption conditions than continuous agitation, though 
a may then not have the same significance in the kinetic experiment 


When the quinine band was washed with 100 ml. of 30% aqueous ethanol, only a very slight move- 
ment was observed, showing that the alkaloid was firmly heid on the resin 


When the column was eluted with hydrochloric acid solutions of various strengths, in 50% ethanol, 
the quinine band moved down the column with a sharp lower boundary but the upper boundary was 
diffuse. After the main band had been eluted from the column, quinine could still be detected in ultra- 
violet light throughout the resin 


On elution (1.¢., displacement) of the quinine band with n- or 2x-ammonia, both boundaries of the 
band had a sharp appearance under ultra-violet light, and fluorescence did not reappear behind the band 
on addition of acid. The band broadened somewhat in passage down the column 


A quantitative study was carried out, in which 7-72 millimoles of quinine were put on the column 
in 06 hours, giving a 3.5-cm. band This was washed with 100 mi. of 50%, ethanol and then displaced 
with N-ammonia in 50%, ethanol, 15-ml. fractions of eluate were collected and analysed for quinine 


polarimetrically The ammonia solution was run on at a rate of 3 mi. ‘hr The results are shown in 
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Table IV. No quinine was detected in the eluate until 225 ml. of ammonia solution had been added, and 
elution was complete after 480 ml. The recovery of quinine from the column was 99-58%, 


Tass IV. 
Displacement of quinine by N-ammonia in 50°, ethanol, from a column. 
(7-72 Millimoles of quinine were put on the column and 7-71 millimoles were recovered.) 
15-ml. fraction no. ... l—M 16 16 17 1s 19 20 21 22 23 
Quinine, millimoles ... Nil 6017 0033 00460 0064 ©6228 O304 ©4857 O31 © 782 
15-ml. fraction no. ... 24 25 26 27 25 28 gu 3 32 33 
Quinine, millimoles ... 0-916 1150 1140 ©0933 ©0566 ©2851 6033 0015 Nil Nu 


A carboxylic acid resin column of this type, made with resin of smaller particle size, may well be of 
considerable value both in preparative and in analytical work with organic bases. 


Mechanism of Absorption of Quinine by the Resin.—The interaction of quinine with the resin 
is, in our opinion, mainly a molecular absorption process rather than an ion exchange. The 
empirical equation (1) indicates that the rate of absorption from ethanol is largely controlled by 
the rate of diffusion of the quinine molecule through the resin. The numerator of this equation 
measures the driving force of this diffusion and the denominator measures the impedance of the 
resin to further diffusion. This impedance will be made up of the following factors : 

(a) If the large base molecule is only able to diffuse into certain channels in the gel structure 
of the resin, the rate of diffusion through them will, by analogy with viscous flow of liquid in a 
capillary, be inversely proportional to the length of the thread in the channel, 1¢., inversely 
proportional to « 

(b) As the resin particles are approximately spherical, the number of channels available will 
decrease as the base approaches the centre of the particle, t.¢., as * increases 

(c) A third impedance factor is the swelling of the resin as quinine is absorbed. Some 
preliminary work on this swelling effect has been carried out by selecting a large spherical resin 
particle from a sample which had been treated with alcoholic acid and washed with alcohol ; 
this particle was hghtly but firmly clamped between two optically flat glass plates and the whole 
assembly placed in a beaker containing alcoho! to such a depth that the top of the upper glass 
plate was not covered; evaporation losses were minimised by means of a cover, and alcohol was 
added from time to time to keep the level constant. A microscope with a micrometer eyepiece 
was focused on the particle to give it a sharp periphery ; after several hours no detectable change 
in the particle radius, measured in two mutually perpendicular directions, could be observed 
The ethanol was then replaced by an alcoholic quinine solution (4 g./100 ml); the absorption 
of quinine under these conditions was likely to be slow, but after several hours a detectable 
increase in the particle radius was found, and after two days a swelling of about 5% by volume 
was observed 

The net result of these impedance factors is expressed in the earlier stages of absorption by 
r* In the later stages, a higher index of * is required. 

The absorption process can therefore be visualised as a diffusion of base into the resin particle 
under a chemical potential] difference enhanced by the acid-base interaction with the resin and 
by the van der Waals forces between the base molecule and the gel structure of the resin; the 
effects of viscous flow into spherical particles and the swelling of the resin cause the rate of 
absorption to fall off rapidly as the resin becomes saturated with base 


The authors thank Professor W. H. Linnell for his interest and support 
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568. Methylene-nitramines. Part I, The Reaction of Hexamine 
Dinitrate with Nitric Acid at Low Temperatures. 


By K. W. Duwsine and W. J. Doxnine 


Dilution of the hexamine dinitrate-nitric acid reaction mixture at low temperatures with 
ethyl ether and sa went treatment of the gum so obtained with methy! and ethy! alcohols 
and water severally s to lalkoxy-3 - S-imitro-] : 3: 5-triazacyelohexane (IV), 1 : 3-di- 
nitro 3) S-triaza-»- tane S-nitrate (V), and methylenedi-1-(3 . 6-dinitro-l : 3: 5-triaza 
eyelohemane) (V1). Dilution of the reaction mixture with methyl and ethyl alcohol produces 
mainly 3 S-dinitro-l: 3 5-triazgacyeiohexane nitrste (II). 1-Methoxymethyi-3 : 5-dinitro- 
1 3: &-triazaeycichexane (1V; K «— Me) has been synthesised from (11), methy! alcohol, and 
formaldehyde. 1: 3: 5-Trinitro-l : 3° 5-triazacyelohexane (I) has been synthesised from 
(V), acetic anhydride, and formabiehyde 


Tue final product of the action of nitric acid on hexamine or hexamine dinitrate at 0° is 
1:3: &trinitro-1 : 3: 5-triazacyclohexane (hexahydro-1 : 3 : 5-trinitro-s-triazine; cyclonite) (1) 
(Henning, G.P. 104,280, H 20660, 1800; Herz, U.S.P. 1,402,003/1022; Hale, /. Amer. Chem 
See, 1925, 47, 2754). Most workers in the field consider that the hexamine molecule undergoes 
a stepwise degradation to (1), and some evidence for this has accrued from the work of Vroom 
and Winkler (private communication) who, on treating hexamine dinitrate with 97%, nitric acid 
at ~ 40", isolated a compound, m. p. 98°, to which they assigned structure (II), 3: 5-dinitro 
1 3: 6-triazacyelohexane nitrate. This gave (I) both with nite acid and with acetic anhydride 


N-NO, N-NO, 


\ ; 4 \ u 
a) ny cH, HC CH, tI) 


ON N-NO, OWN, JH, NO,” 
CH, ch, 


Dr J. K. N. Jones also established several other properties of the compound which support 
structure (11), and has given us permission to quote them. (1) Boiling alcohol decomposes (11) 
with formation of ammonium nitrate, formaldehyde, hexamine, and methylenedinitramine, the 
last isolated as the barium salt. Jones assigned structure (111) to methylenedinitramine and 
this was later confirmed by Brian and Lamberton (/., 1949, 1633), who obtained it by the 
hydrolysis of methylenebis-N-nitroacetamide. (2) Compound (LI), titrated with baryta, gave 
an equivalent weight of 88. It requires an equivalent weight of 80 if it is assumed to hydrolyse 
to | mole of methylenedinitramine (known to be a dibasic acid), one of ammonium nitrate, and 
2 moles of formaldehyde 


Il) + 2H,0 > CHYNH-NO), + 2CH,O + NH,NO, 
di) 


When an equal volume of acetone was added to the neutral solution, the barium salt of 
methylenecdinitramine slowly separated in 92% yield. (3) In boiling water, (II) liberated three 
moles of formaldehyde, as would be expected if the six-membered ring were disrupted as 
follows : 

Il) + HO —» 3CH,O + 2N,0 + NH,NO, 


(4) Heating (11) with acetic anhydride containing sodium acetate gave a product, m. p. 156°, 
which Jones showed to be l-acetyl-3 : 5-dinitro-1 : 3: 5-triazacyclohexane. (5) With sodium 
nitrite (11) yields 3: 5-dinitro-l-nitroso-1 : 3: 5-triazacyclohexane 

The question arises whether (11) is a true intermediate, or whether it has been produced by 
the hydrolysis of some other substance during the addition of water to the reaction mixture. 
The work described here aimed at isolating the true intermediate, and a suitable method of ending 
the reaction at any given stage appeared to be the dilution of the reaction mixture with a solvent 
which was unlikely to react chemically with the intermediate and in which the latter 
was sparingly soluble. Ether was chosen, since it is miscible with nitric acids containing up to 
15°, of water 

When the reaction of bexamine dinitrate with 97%, aqueous nitric acid at low temperatures 
was stopped at the appropriate stage by diluting the reaction mixture with cold ether, a white 
unstable gum (4) separated. This was stabilised by stirring it with cold ethy! alcohol, in which 
it immediately became granular. Extraction of this white granular residue with ether gave 
l-ethoxymethyl-3 : 5-dinitro-1 : 3: 5-triazaryelohexane (IV; R = Et) in 17% yield 
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Structure (IV) was assigned to this compound because (a4) an elemental analysis agreed with 
CgH,,O,N,, (6) boiling dilute hydrochloric acid liberated the theoretical quantity of 
formaldehyde, (c) a mixture of glacial acetic acid and 70°, sulphuric acid liberated an amount 
of nitrous oxide consistent with two >N*NO, groups per molecule [a method first used by 
Roberts and Watkins (unpublished work) for determination of nitramine groups), (d) 96% 
nitric acid afforded (1) in 91% yield. Reactions of (IV) or its methyl! analogue with acetic 
anhydride, acety! chloride, and acetyl nitrate (see Part Il) further support this structure. 


N-NO, 


4™ 
ask ag 
\ “CH, OR 
ch, NO, NH-CH,-'N(NO,)-CHy NH, HNO, 
(Iv.) (Vv) 

Evaporation of the solution obtained by stirring the gum with alcohol and subsequent 
recrystallisation of the residue from 80°, aqueous nitric acid gave a substance, for which analysis, 
the quantity of formaldehyde evolved when the substance was boiled with water, and the yield 
of barium methylenedinitramine on titration with baryta indicated the structure | ; 3-dinitro- 
1: 3: 5-triaza-n-pentane 5-nitrate (V). This substance did not give (I) when treated with 96% 
nitric acid 

Similarly, stirring the gum with methy! alcohol produced (IV; K = Me) and (V) in 24% 
and 22°, yield, respectively 

When stirred with water, gum (4) gave a compound identical with a product 
obtained in small yield by Dr. J. K. N. Jones (unpublished work) by triturating 
samples of (I1) with barium hydroxide solution. This compound, to which Jones 
orginally assigned structure (IV; R= H) is methylenedi-1-(3 : 5-dinitro-] ; 3: 5-triaza- 
cyclohexane) (V1) (Chute, McKay, Meen, Myers, and Wright, Canadian J. Res., 1949, 27, B, 
489). Professor E. G. Cox kindly determined the molecular weight of the authors’ sample 
by X-ray diffraction ts obt g the value 373 [theor. 366 for (V1)). Also, since 
structure (IV; K « H) may be regarded as an N-substituted formaldehyde a, closely 
related to the pyridine and quinoline ¢-bases, it would be expected to react readily with alcoho! 
to form an ether. The substance, however, was unreactive towards methyl! and ethyl alcohols, 
which further supports structure (VI). Substance (VI) also gave (I) with nitric acid and 
l-acetyl-3 ; 5-dinitro-1 : 3 : 5-triazacyclohexane with acetic anhydride. 

The question at issue is, what intermediate would give a mixture of (IV; RK « Et) and (V) 
with ethyl alcohol for example? The gum might consist mainly of the nitrate ester (IV; 
R = NO,) which might react with alcohols and with water to give (IV; RK = Me or Et) and (VI) 
respectively, and (V) might conceivably arise by degradation of the triazacyclohexane ring of 
(IV; R = NO,) in the alcoholic solution. Alternatively, if the gum contained (IV; R = H) 
one would expect a rapid reaction with ethy! alcohol to give (IV; R= Et). Again, the gum 
might consist mainly of 3: 5-dinitro-1 ; 3: 5-triazacyclohexane nitrate (11). Secondary bases 
condense with formaldehyde and alcohols, yielding the ethers of ¥-bases (Mcleod and Robinson, 
J., 1921, 119, 1470), and it therefore seemed possible that (II) might undergo similar 
condensation with formaldehyde and methyl] alcohol; (II) did, in fact, give (IV; R = Me) in 
60% yield on treatment with an excess of aqueous formaldehyde and methanol at room 
temperature (a similar synthesis occurred with ethyl alcohol). (II), added to excess of methy! 
alcohol without formaldehyde, gave (IV; R = Me) in reduced yield (12%) and (V) in 47% 
yield. In the latter case (II) was presumably partly degraded to (V), and the formaldehyde 
liberated by rupture of the triazacyclohexane ring was used in the synthesis of (IV; RK « Me) 

If gum (A) was stirred with acetic anhydride saturated with sodium acetate at room 
temperature, the sole product was (I). 

Interruption of the low-temperature reaction between aqueous 97%, nitric acid and hexamine 
dinitrate by dilution with ethyl alcohol produced a granular precipitate, consisting of (II) in 
55% and (IV; R = Et) in 5% yield. Similarly, with methy! alcohol as diluent, a 50% yield of 
(I) and a 1% yield of (IV; R = Me) was obtained. The action of a nitric cuhaneiien alcohol 
mixture (96: 5) on hexamine dinitrate at low temperatures was also studied. The material 
obtained on diluting the reaction mixture with methyl! alcohol was shown to be (IT) by comparing 
its X-ray powder photograph with that of an authentic specimen. 

a wan agg ec es ace il from suitable fragments. Use of (a) 
formaldehyde, nitramide, and methylenedinitramine in the presence of 100%, nitric acid, or 
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(b) 1: 3-dinitro-1 : 3: 6-tmaza-n-pentane 5-nitrate (V) and formaldehyde with 100%, nitric acid, 
failed. If, however, (V) was added to a mixture of excess of paraformaldehyde and acetic 
anhydride, (1) was obtained in 61% yield. It seems that nitric acid is not a sufficiently good 
condensing agent (or is tow destructive) to be effective in synthesising the ring; it may 
reasonably be assumed that ring synthesis does not occur in the nitric acid medium and that the 
triazacyclohexane ring occurring in products from the nitrolyss of hexamine with concentrated 
mtric acid ws formed by partial degradation of the hexamine molecule, rather than by complete 
disintegration and resynthesis 
EXPERIMENTAL 


Termination of the Nitrolysisby Ether. 1-Ethoxymethyl-3 5-dinitro-1 3. 5-triacacyclohesane (IV; RK 
Et) amd |) 3-Demeiro-1 3 S-triasa-n-fpentane 5-nutrate (\ Hexamine dinitrate (40 g.) was added with 
rapid stirring to 97%, nitric acid (320 ¢.c.), supercocied at —45°, in a 150)-<.c. tall-form beaker, in 
acetone-<arbon dioxide. The temperature was then allowed to rise to --28-5° during about 40 seconds 
and was kept there for 5 minutes. The reaction mixture was then cooled rapuily to —60° and cooled 

4. ~@") ether (500 ¢.c.) was added slowly, the temperature being kept beiow — 0) A white gum (4 
separated, trom which the ethereal nitric acid was decanted. The gum was then stirred for 20 minutes 
with cold ether (300 c.c.) to remove the nitric acid, and thus became less gummy and settied at the bottom 
of the beaker. This material was solid, however, only at low temperatures under ether. At room 
temperature it rapidly decomposed to a liquid smelling strongly of formaldehyde. A portson was boiled 
with water, in which it was completely soluble, thas mdicating that no 13> 5-trinitro-] © 3° 5-triaza 
cyclohexane (1) was present. A portion was added to cold water, and the filtrate tested with a solution 
of jadine in aqueous potassium iodide, « black precipitate of the tetrajiodide of hexamine showed that 
hexamine dinitrate was present 


The ether was then decanted from the gum, and cooled ethy! aleohol (400 c.c.) added, whereupon 
a white granular precipitate immediately formed. The whole was stirred for I hour, the temperature 
being allowed to rise to 0 the alcohol was decanted, and the granular residue stirred with more ethy! 
alcohol (200 ¢.c.) at 0 After separation of the residue (2) by hitration, the second alcoholic filtrate was 
added to the first 


KReaitue (#) contained a trace of hexamime dinitrate, but no (I It was extracted with warm ether 
in which st was readily soluble, from which 6 g. (17%, yield) of crystals, m. p. 115° (decomp.), were 
obtained Found: C, 3-6. 37, H. 54.56: N. 30, 30-4: ammonia-N, 5-7, 5-7; H,O 49-2, 40-2 
CH ON, 1V: Ro Et) requires C, 30-6, H. 55; N. 208; ammonia N60, CH,O, 510% With 
06%, nitric acid, the substance gave (1) in 91% yield. In later experiments, the material from the ether 
extraction of (2) was further recrystallised from cold acetone-chioroform, the solvent being slowly 
evaporated in a vacuum-desiceater. Large crystals. mp 118-119", were obtained. This compound is 
very soluble in acetone at room temperature, but slowly decomposes to a white solid, sparingly soluble 
in acetone which was not investigated turther 


The alcohol was slowly removed at the pump (liqrid-air traps) from the filtrate remaining after separ 
ation of (ff The white residue thas obtained was ground and stirred with cold acetone, washed with ether 
and dried in a vacwom-desiccator (7 ¢. m. p. III (decomp.) to a pale green fluorescent liquid The 
residue, easly soluble in water, contained hexamuine dinitrate, which in earher experiments was removed 
by rapid washing of the resxiue with ice-water, followed by acetone and ether The materia! thus 


obtained from five experiments melted at 122 25", 120°, 120°, 120°, severally, three of the samples 
being analysed Found: C,. 108 108, 107: H. 34, 35.34: N, 38-2, 380, 373. ammonia-N. 5-7 
ST, CHO, 25-0. C,H,O,N, (V) requires C, 1065; H, 3-5, N, 36-8. ammonia-N, 61; ¢ Hy », 26-3%, 


1 3-Dinitro-1 3: S-triazce-n-pentane S-mitrate (V) was titrated with N-sodium hydroxide until! 
neutral to phenolphthalein. A saturated solution of barium chloride was added in slight excess, followed 
by an equal volume of acetone. The white crystalline precipitate of the barium salt of methylen: 
lattramine was collected by filtration. washed with water and acetone, dried mm racwc at 20). and weigher 
The equivalent weight of (V) by titration was 91, and the percentage of methylenedinitramine 58-8°, 
weighed as barium salt If alkali yiekis | mole of methylenecinitramine, | mole of formaldehyde, and 
1 mole of ammonium nitrate, the theoretical percentage of methylenedinitramine is 59-7. When 
added to 96% nitric acid, (V) did not give (1 In later experiments (V) was purified by dissolution 
ia the least amount of 80%, nitric acid and storage in a vacuum-desiccator contaming phosphoric oxide 
and sodium hydroxide. It crystallised as colourless six-sided plates and prisms of the orthorhombi 
system, m. p. 120° An X-ray powder photograph of this substance was quite different from one of 
compound (11) 

Treatment of Gum (A) with Methyl Aleohol 1-Methoxymethy!-3 : 5-dinitro-1 - 3 : 5-triazacycloAesane 
IV; R «= Me) and (V The experiment described above was repeated up to the washing of the gum 
with cold ether. Methy! alcohol (400 ¢.c.) at —40° was then added to the gum and the mixture was 
stirred for | hour, the temperature being allowed to rise to 0 The methyl alcohol was then decanted and 
residue (/), now granular, was stirred with cold methy! alcohol (200 c.c.) in which it was sparingly 
soluble, The white powder (#) was collected and dissolved in warm dry acetone. On storage, large 
eryetals (8 g., 24%). m. p. 134° (decomp.), were obtained (Pound: C, 27-4, 27-3: H, 48,50; N, 32-9 
345; ammonia-N. $4.67) OMe, 1¢0.13-6. C,H,.O,N, requires C, 27-1; H, 50; N_ 31-7: ammonia- 
N,@3, OMe, 140%, Nitration of this compound gave (I) in 88%, yield (see Part II). The methyl- 
alcoholic solution, consisting of the two portions which had been stirred with the gum, was concentrated 
in the cold. A crystalline prec ipitate separated which was washed with acetone and ether and dried 
tm vaewo, the yield being 7-5 g. (22%) and the mp 124-129" (decomp.) not depressed by an authentic 
specimen of |: 3-dinitro-l | 3: S-triaza-s-pentane 5-nitrate (V) 
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Treatment of Gum (A) with Water. Methylenedi-1-(3 : 5-dinitro-1; 3 oe (vt) 
The experiment described above was repeated up to the washing of the gum with cold ether. Then the 
gum was stirred rapidly with ice-cold water (200 c.c.) for 15 minutes. The white precipitate, which 
had become granular, was separated by filtration and stirred with more ice-cold water for 5 minutes 
lt was then collected, washed twice with ice-cold water, and dried over phosphoric oxide. The dry 
residue (m. p. 120°) was dissolved in the smallest quantity of dry acetone, and ether-light petroleum 
(>. p. 6080") was added. Clusters of needle-like crystals gradually separated (3 g., m. p. 136 
decomp.)); these gave no depression with the compound, m. p. 136", obtained by Dr. J K.N Jones by 
triturating (11) with barium hydroxide solution Products from three expernments were analysed 
Found: C, 23-2, 23-1, 233; H, 3-8, 42, 36; N, 306; ammonia-N, 10-2; OMe, ©. Calc. for 
¢ Hy oO, ae uv; R «~ H): C,232; H, 44; N, 334; ammonia-N, 6-7; OMe, 0%. Cale. for C,H,,O.N,, 
‘v 1): ye: H, 3-8; N, 383; ammonia-N, 7-7; OMe, 0%). The values for carbon with either 
an but those for hydrogen and nitrogen analyses agree better with formula (V1). Also, the 
rene determination of a sample of this compound, kindly undertaken by Professor E.G. Cox 
and Miss M. W. Gougill, shows that structure (VI) is correct, the —_e results ay obtained 
Monoclinic; 4 « 9-10, b = 24-06; ¢ = 474.; B = 03° 56". §& 5c? "2,0. Density 1-68 g.c.c., 
whence four molecules per unit cell. M « 373 (Calc. for C,H,,O M, 366). It is possible, bet 
improbable, that the molecular weight is 186 (Calc. for C,H,O, x, “hs 207); the difference between 207 
and 186 is well outside the experimental! error, so this formula is excluded. 


Treatment of (V1) with Methyl Alcohol.—(V1) (0-126 g.) was added to anhydrous methyl alcohol 
(1 c.c.) and kept at room temperature for | hour. The insoluble portion, collected by filtration, washed 
with ether (1 ¢.c.), and dried sm vacwo, had m. p. 136°, giving no depression when mixed with the origina! 
material and a depression of 8° in a 30 : 50 mixture with (IV; R « Me). The product did not contain 
methoxyl. A similarly unsuccessful attempt was made using ethy! alcohol. 


Treatment of (V1) with Nitric Acid.—(V1) (0-1603 ¢.) was added to 98% nitric acid (3 c.c.) at —40 
and the temperature kept at —40° for 30 minutes. The solution was then allowed to warm to room 
temperature before being poured into water (200 c.c.). Next morning the precipitate was filtered off 
washed with cold water, and dried at 100°. The yield was 0-1553 g. (about 90%,), and the m. p. 202 
203° undepressed on admixture with an authentic specimen of (1). 


Reaction of (V1) with Acetic Anhydride.—(V1\ (0-30 g.) was heated with acetic anhydride (5 c.c.) at 
80° for 4 hours and then poured into water, and the mixture evaporated to dryness on a water-bath 
Recrystallisation of the residue from acetone-light petroleum gave crystals, m. p. 156° (no depression 
with an authentic specimen of l-acety!-3 : 5-dinitro-1 : 3: 5-triazacyelohexane) 


Synthesis of 1-Methoxrymethyl-3 ; 5-dinitro-1 : 3 S-wiasecyciohesane (IV; R « Me).—-Methy! alcohol 
(100 ¢.c.) and 40% aqueous formaldehyde solution (20 c.c.) at room temperature were rapidly stirred 
together. 3: 5- Dinitro 1: 3: 5-triazacyelohexane nitrate (11) was added, heat was evolved, and the 
suspension became crystalline. The mixture was stirred for 5 minutes, filtered, washed three times with 
methyl! alcohol (50 c.c.), then with ether (50 c.c.), and dried in a vacuum-desiccator; the product 
17-63 g.) had m. p. 134° (no depression with |}-methoxymethy!-3 : 5-dinitro-1 : 3: 5-triazacyelohexane 
IV; K « Me), m. p. 134°) after Paya from cold acetone chloroform with slow evaporation 
in the cold 1" vecue (Found: C, 2 H, 50; N, 32-4; ammonia-N, 68, OMe, 13-7. ic. for 
C,H,,0O,N,: C, 27-1; H, 50; N, i: ammonia-N, 63; OMe, 140%) 


Synthesis of av: RK = Et).—-Aqueous 40% formaldehyde (20 c.c.) was added to ethy! alcohol 
(100 ¢.c.) at room temperature. 3 5-Dinitro-] : 3: 5-triazacyclohexane nitrate (11) was added with 
rapid stirring. The white crystalline suspension was ree by filtration, washed three times with 
thy! alcohol (30 c.c.), and dried im vacuo (yield, 21 ¢ 105°). Recrystallisation from cold 
acetone-chiorotorm gave large colourless crystals (11-5 g.), m P "hit 7- iis not depressed by admixture 
with an authentic sample of l-ethoxymethyl-3 | 5-dinitro- ‘1: 3; S-triazacyelohexane (IV; K = Et) 


Reaction of (11) with Methyl alcohol.—(11) (6-4 g.) was stirred with methy! aleoho! (100 ¢.c.) at room 
temperature for 45 minutes, nearly al] the material dissolving. The solution was filtered and the methy! 
alcohol removed in the cold in vacuo. The white residue was digested with acetone (2 * 25 c.c.) at room 
temperature and collected by filtration. It was then washed with ether (25 ¢.c.) and dried in vacwo 

yield, 2-0 g. (47%); m. p. 120° (decomp.)}. Kecrystallisation from 85%, nitric acid at room temperature 

gave crystals (1-5 g.), m. p. 129° (decomp.) undepressed by 1 : 3-dinitro-1 : 3: 5-triaza-n-pentane 
5-nitrate. Evaporation of the acetone filtrate gave crystals (0-7 g., 11-0%), m. p. 134° unchanged when 
mixed with an authentic specimen of (IV; K « Me). 


Treatment of Gum (A) with Acetic Anhydride, Saturated with Sodium Acetate —Hexamine dinitrate 
(40 g.) in 97% nitric acid (320 c.c.), after 5 minutes at — 28-5", was diluted with cooled ether, giving a 
gusta which was washed with more ether and stirred for 14 hours with acetic anhydride (100 c.c.), saturated 
at room temperature with anhydrous sodium acetate. The white granular product obtained was 
collected, washed with water, and recrystallised from acetone, and again from ethyl! acetate, giving 
crystals (10 g., 30%), m. p. 202° undepressed by admixture with an authentic specimen of (1). 


Interruption of the Nitrolyms by Dilution with Ethyl Alcohol —Hexamine dinitrate (40 g.) was added 
with rapid stirring to 97% nitric acid (320 c.c.), previously supercooled to —45°. The temperature was 
allowed to rise to —28-5° during 40—-60 seconds, and kept there for 5 minutes. The mixture was then 

cooled to -—60°, and cooled ethy! alcohol (600 c.c.) added slowly with rapid stirring, the 


ions of cold ethy! alcohol 


* (collapses at 


*), dissolved completely with 
of (1). 
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(8) was digested with ether at room temperature. Evaporation of the extract yielded a crystalline 
; washed with water and with two 16-c.«. portions of ethyl alcohol, 
. and the solution evaporated slowly in a vacuum- 


temperature ly ‘ 
= j Wound: Cae: i 66, "NP aee: eoaiiedl 72 CM DN, repenen C “os: N, 


The reskiue from (#) was digested with ether giving C (20 g)}, m. p. 96° (decomp.). A portion of 
(C), added to acetac anhydride, gave crystals which when recrystallised from acetone had m. p. 199° alone 
and mixed with (I), A portion of (C) was stirred with ethyl! alcohol at room temperature and filtered 
from a very small amount of insoluble matter. The filtrate was evaporated in the cold in a vacuum- 
desiccator, leaving a white residue, which, when washed with acetone and ether, dried in vacuo, and 
recrystallised from 80%, nitric acid, gave y rE ~? 129° (decomp. ), oe age yellow . slightly 
fluorescent f (Found: C, 102; H, 37; N, 364; ammonia-N, 7-1 . for CJH,O,N, (V) 
C, 10-5; HL 35; N, 36-8; ammonia-N, 61%). (C) was added to 4 saturated solution of sodium acetate 
im acetic anhydride at room temperature and set aside for 3 days. The acetic anhydride was then 
removed in eacwo and the residue extracted with acetone. The material obtained from the acetone 
solution, after being twice recrystallised from warm ethyl acetate, yielded c , ™ 156" (no 
depression when mixed with authentic l-acety!-3 . 5-dinitro-] : 3: 5-triazacye xane) (Found: C, 
26-7; HM. 30, N. 320; ammonia-N,66. Calc. for C,HJO.N,: C, 27-4; H, 41; N, 320; ammonia-N, 
64%). These are all characteristic reactions of 3 5-dinitro-} | 3: 5-triazacyclohexane nitrate (11). 


Dilution of the Nitrolyas Mixture with Methyl Alcohol.— Hexamine dinitrate (40 g.) was allowed to 
react with 06%, nitric acted (320 ¢.c.) under the conditions given in the preceding paragraphs. Dilution 
of the reaction mixture with cooled methy! alcohol (400 c.c.) gave a white granular precipitate after 
30 minutes’ stirring at —30". This was ered off, stirred with acetone (75 ¢.c.) at —@®', collected, 
washed with cold ether (100 .c.), and dried ts eacwo. The yield of material! (H) was 18 ¢ 


The acetone filtrate when evaporated in the cold left a few large crystals in a gummy residue. The 
crystals were ground with water to remove the gum, which was water-soluble, and crystallised from the 
smallest amount of acetone at room temperature. The crystals obtained had m. p. 134° and gave no 
m. p. depression with ([V, R Me) (Found: C, 270; H, #2; N, 303, ammonia-N, 7-8. Cak 
for C,H,,ON,: C, 27-1, H, 50; N, 31-7, ammonia-N, 63%). 

(8) had m. p. 06" (decomp.) (Pound: C, 140; H, 38; N, 350; ammonia N, 69; NO,’, 26-5; 

CH, 144. Cale. for C,H,O,N, (11): C, 160; H, 33, N, 350; ammonia-N, 70; NO,’, 25-9; CHy,, 
17 So, A portion of (8) (6 g.) was dissolved in methy! alcohol (100 ¢.c.) at room temperature with 
stirring and the alcoholic solution ev aporated in the cold tm eacwo, giving a residue which was washed with 
acetone (10 ¢.c.) and ether (20 c.c.) and dried im wacwo. The yield was 2 g. and the m. p. 119 
Reerystallisation from 86%, nitric acid gave crystals, m. p. 129° (decomp. to a yellow fluorescent liquid), 
giving fo m. p. depression with authentic (V) (Pound C, 10-0; H, 38, N. 35-4: ammonia-N, 7-2. ¢ Hy, 
lil, NO’, 270. Cale. for CHM,O,N,: C, 105; H, 35; N, 36-8; ammonia-N, 61; CH, 
NO,’, 27-2). A portion of (#) added to acetic anhydride at room temperature, dissolved readily. On 
removal of the acetic anhydride im the cold, crystals separated which when recrystallised from acetone 
had m. p. 201°, undepressed by admixture with (1). When (8) was treated with acetic anhydride which 
had been saturated with sodiam acetate at room temperature and the mixture was kept for 4 days, 
erystals were obtained which when recrystallised from ethyl! acetate gave long needles, m. p. 156 
undepresmed when mixed with l-acety!l-3 5-dinitro-l 3 5-triazacyelohexane 


Netrolysis with Nitric Acid (95%) and Methyl Alcohol (5%).—-Hexamine dinitrate (13-3 g.) was added, 
with rapid stirring, to the nitric acid-methy! alcohol mixture (100 c.c.), cooled to — 55° during 7 seconds 
The temperature rose to — 45° and was then allowed to reach — 40° and kept there for a further 8 minutes 
The mixture was then rapidly cooled and methyl! alcohol (200 c.c.) added, the temperature of the mixture 
being kept below —30". The mixture was cooled to - 80°, and, with stirring, the temperature was 
allowed to reach ~ 30° again, during 30 minutes. A white precipitate ted gradually; this was 
collected, washed with acetone (2 « 75 ¢.c.) cooled to — 80", then with ether, and dried in a vacuum- 
desiccator, to give 35 g.. m. p. The precipitate contained some bexamune dinitrate, but no (1) 
(Pound. C, 160; H, 34. Cale. for CLH,O,N,: C, 1560; H, 33% An X-ray powder photo- 
graph of this material was identical with that of 3. Sdinitro-i ; 3: S-triazacyclohexane nitrate (Il). 


Syuthents of 1.3: 5-Trimitro-1 3: S-triazacycloherane (1) V) (1-77 «.) was added to acetic 
anhydride (10 ¢.c.) containing paraformaldehyde (1 g.), and the mixture set aside at room temperature 
for 2 days Water (30 ¢.c.) was then added and the mixture kept for an hour. The supernatant liquid 
was decanted from the residue, the latter being washed with a further 30 c.c. of water, collected by 
filtration, and dried tm eacwo. The material was then extracted with acetone (30 c.c.) at room temperature 
and the solution evaporated to dryness on a water-bath. The crystalline residue (1-05 g.) had m. p. 197 
(decomp.). It was recrystallised from warm acetone, giving large crystals (0-5 g.), m. p. 199 
Admixture with an authentic specimen of (1) caused no ——— of m. p.; the mixed m. p. with 
l-acety!.3  S-dimitro-1 3. S triasacyclehexane was 140°. The experiment was repeated under the 
same conditions except that the temperature of the mixture was kept at 85° for 2 hours and then water 
was added Reerystallisation of the residue from acetone gave large crystals, m. p. 202° alone or when 
mixed with authentic (! 


Tne University, Barsrot [Recetved, June 12th, 1950.) 
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569. Methylene-nitramines. Part II. An Investigation of Some 
Properties of 1-Alkoxymethyl-3 : 5-dinitro-1 : 3 : 5-triazacyclohexane 
and of Related Compounds. 


By K. W. Duxxine and W. J. Dunxnine. 


1-Methoxymethyl-3 : 5-dinitro-1 ; 3 : 5-triazacyelohexane (1; KR = Me) yields 1: 3: 5-tri- 
nitro-l : 3: 5-triazacyclohexane (A) with nitric acid, and l-acetyl-3 : 5-dinitro-1 : 3: 5-triaza- 
eyelohexane (II) with acetic anhydride, but with acetyl chloride and acetyl vem oN pg 
I-chioromethy!-3 : 5-dinitro-1 : 3 : 5-triazacyclohexane (111; X — Cl) and I-bromomethyl-3 ; 5- 
dinitro-1 : 3 : 5-triazacyclohexane (III; X « Br) tively. The action of acetyl nitrate on 
(I; R = Me) produces a mixture of (4) and 1: 7-diacetoxy-2 : 4: 6-trinitro-2 : 4: 6-tri- 
azaheptane (IV; RK = Ac). The reactions of 1l-chloromethyi-3 : 5-dinitro-1 : 3: 5-triaza- 
cyclohexane with nitric acid, alcohols, water, acetic anhydride, and acetyl nitrate have been 
studied. 


Tue ethers (I; R = Me and Et) are converted into | : 3: 5-trinitro-1 : 3 : 5-triazacyclohexane 
(hexahydro-1 : 3 : 5-trinitro-s-triazine) (4) in 89% and 91%, yields, respectively, when treated 
with nitric acid, the triazacyclohexane ring remaining intact under these conditions; the side 
chain is by some mechanism replaced by a nitro-group. With acetic anhydride both 
ethers give |-acetyl-3 : 5-dinitro-] : 3 : 6-triazacyclohexane (II). However, with acety! chloride 
the main reaction is not an acetylation; the ethers (1; R — Me and Et) dissolve readily 


N-NO, N-NO, NNO, 


4% ra 
ae RR ofS 
ON -CHLOR ONK  KAe ONN N-CH,X 
‘ft, ch, ch, 
(l.) at.) (an.) 
(V.) R-O-CHYN(NO,)-CHYN(NO,)-CHYN(NO,)-CH,-OR 


in acetyl chloride at room temperature and there is almost immediate precipitation of 
crystalline 1-chloromethyl-3 : 5-dinitro-1 : 3 : 5-triazacyclohexane (II1; X = Cl) in 88% yield; 
l-acetyl-3 : 5-dinitro-1 : 3: 56-triazacyclohexane (II) was also isolated in 1% yield. Similar 
reactions of alkyl! ethers and acyl chlorides in the presence of smal] amounts of zinc chloride or 
ferric chloride are known (Descudé, Compt. rend., 1901, 132, 1129; Wedekind and Haeussermann, 
Ber,, 1901, 34, 2081; Underwood and Wakeman. J. Amer. Chem. Soc., 1930, 52, 387; Underwood 
and Toone, ibid., p. 4087; Knoevenagel, Annalen, 1914, 402, 133). Similarly, (1; R « Me) and 
acetyl bromide give 1-bromomethyl-3 : 5-dinitro-1 : 3: 5-triazacyclohexane (II1; X = Br) in 
62% yield. 

The halogeno-compounds (III; X = Cland X = Br) both yielded 1: 3: 5-trinitro-1 : 3: 5- 
triazacyclohexane (A) when allowed to react with 97% nitric acid (in 90°7% and 80% yield, 
respectively). Excess of methyl or ethyl alcohol converted them into the corresponding ethers 
([; R = Me and Et), whereas from both acetic anhydride formed l-acety]-3 ;: 5-dinitro-1 : 3: 5- 
triazacyclohexane (II). When (III; X = Cl) was stirred with aqueous sodium acetate, a small 
yield (54%) of methylenedi-1-(3 : 5-dinitro-1 : 3 : 5-triazacyclohexane) (B) was obtained. 

It seemed possible at first sight that acetyl nitrate might behave in a similar way to acetyl 
chloride and yield 1-nitroxymethy!-3 : 5-dinitro-1 ; 3: 5-triazacyclohexane (II1; X « O-NO,) 
from (I; R = CH,). However, instead, a mixture of (A) and | : 7-diacetoxy-2 : 4 ; 6-trinitro- 
2: 4: 6-triazaheptane (IV; R < Ac) was obtained (Carruthers, Bevan, and Woodbury, private 
communication). Since the solubilities of (4) and of (IV; K = Ac) in common solvents are 
very similar, the two components were separated with difficulty by fractional crystallisation, and 
the yield of (IV; RK = Ac) was very low. Separation was effected by a method discovered by 
Wright et al. (Canadian ]. Res., 1949, 27, B, 503) who converted (IV; R « Ac) by 90% nitric 
acid into | : 7-dinitroxy-2 : 4: 6-trinitro-2 : 4: 6-triazaheptane (IV; K = NO,), which when 
refluxed with ethy! alcohol fo-ms | : 7-diethoxy-2: 4: 6-trinitro-2 : 4: 6-triazaheptane (IV; 
R = Et). The latter is solublé in ether, whereas (A) is very sparingly soluble and remains 
unchanged during the operations described. 

1-Chloromethyl-3 : 5-dinitro-1 : 3 : 5-triazacyclohexane (IIL; X — Cl), treated with acetyl 
nitrate and subjected to Wright's procedure, gave (IV; K = Et) in 26% and (A) in 1% yield. 
Methylenedi-1-(3 : 5-dinitro-1 : 3 : 5-triazacyclohexane) (B) gave (A) and (IV; K = Et), each in 
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36%, yield. After reaction of acetyl nitrate with hexamine (4) was obtained in 17% yield and 
(IV; RK — Ac) was isolated as the ethoxy-derivative in 19%, yield. Acetyl nitrate had no action 
on 1: 3-dimitro-l : 3: 5-triaza-n-pentane 5-nitrate. 

In an attempt to determine whether the triazaheptane could arise by synthesis, acetyl nitrate 
was added to a mixture of paraformaldehyde and 3: 5-dinitro-1 : 3: 5-triazacyclohexane nitrate 
The only product obtained (72%, yield) was (A). It appears that the 1 : 7-diacetoxy-2 : 4: 6-tri- 
nitro-2: 4: 6-triazaheptane (IV; K — Ac) arises by the action of acetyl nitrate on substances 
which contain a triazacyclohexane ring with an adjacent methylene group in the side chain. 


EXPERIMENTAL. 


Reactions of 1-Methorymethy!-3 ; 5-dinitro-1 : 3: S-triaracycloherane (I: RK «@ Me).—(a) With nitric 
acid. (1, BR oo Me) (1-50 g.) was added to 00%, nitric acid (12 ¢.c.) at —40°. The mixture was allowed 
to reach 0° during 10 minutes. It was kept at 0° for a further 30 minutes, and then poured into ice-cold 
water (75 ¢.c.) and kept in an ice-bath for | hour. The white precipitate, filtered off and dried at 100 
(yield, 1-33 ¢.}, had m. p. 203°, giving no m. p depression with an authentic specimen of (4) (Found: C, 
16-1; H, 345. Cake. for CHOWN, C, 16-2; H, 2-7%). 

(b) With acetic anhydride 1; R » Me) (0-76 g.) was added to acetic anhydride (5 «.c.) at room 
temperature and the solution set aside in an open dish at room temperature for 3 days. Crystals were 
formed which, washed with ether and dried in vacuo (0-26 g.), had m. p. 154°. Recrystallisation from 
ethy! acetate gave (11) (15 ¢.),m. p. 156° undepressed when mixed with an authentic specimen (Found 
C,27-46; H.al; NL 312. Cale. for CJHJOWN,: C, 27-4; H, 41; N, 320%) 


(L; Ro Et) (1-5 @.) gave with acetic anhydride (8 ¢.c.) under similar conditions 0-4 g. of pure (11), 
m. p. 156° undepressed by admixture with an authentic specimen 

le) With acetyl chloride, Jeclation of (111; X = Cl Finely powdered (1; R = Me) (20 ¢.) was added 
slowly to acetyl! chloride (120 c.c.) which was stirred at 10° in a closed vessel. The powder dissolved 
during 20 minutes’ stirring the temperature rose from 10° to 23° and a thick white crystalline precipitate 
separated. This was collected by sucking the mixture through a large-bore tap in the apparatus on to a 
sintered filter, an odour of methy! acetate being observed. The precipitate was then washed by sucking 
acetyl chloride (50 ¢.c.) through the tap and filter, and the product dred in a vacuum-desiccator. The 
yieki of l-cAloromethyl-3 : S-dimitro-1 3: S-triasacyclohezane was 18 g. (88%) and the m. p. 147° (Found 
©, 21-4, 21-6, H.4#3, 41: N, 90-7, 32-1, Cl, 15-2, 166; CH, 22-7. C,H,O,N,C! requires C, 21-3; H, 
35, N, 310, Cl, 167, CH, 248%). On addition of ether to the acety! chloride mother-liquor and 
storage for several days, a few crystals (0-2 g.. 1%) of (L1) separated, m. p 156° (Found : C, 27-1; H, 3-8 
Cale. for C",H,O\N,: C, 27 HL, 4% 


i) With acetyl bromide. Ieolation of (111; X = Br (1; R = Me) (21 g.) was added slowly with 
stirring to acety! bromide (100 g.) at 10°, the mixture being in a closed reaction vessel. The temper- 
sture rose rapidly to 10° and a crystalline precipitate separated of I-bromomethyl-3 : 5-dimttro-1 > 3: 5S-tn 
acacyCloherane, which was sucked through a large-bore tap on to a sintered filter Dry ether was then 
sucked through the apparatus and through the product. The sintered filter and product were then 
transferred to a vacuum desiccator. The yield was 16 g. (62%) and the m. p. 127° (decomp.) (Found 
C176, 180, H. 28,31; Br, 20-7, 206,206. C.H,O.N Br requires C, 17-8, H, 30; Br, 29-6% 

Reactions of (111; NX = Cl ov Be a) With mitre acid. The chioro-compound (IIl; X « Cl) 
©- 508 g.) was added to 06% nitric acid (Sc.c.) at —20 The temperature was allowed to reach 10° and 
kept there for § bour Pouring the solution into water (45 c.c.) gave a white precipitate The mixture 
was kept in an ice-bath for an hour, and the prec ee then collected on a sintered filter and dried at 
yom 4) (0-345 ¢ 07%) m t 204° (decomp. ) alone or mixed with an authentic sample, was obtained 
Under similar conditions (III Bir) (0-415 g.) and 08% nitric acid (6 c.c.) gave (4) 0-279 g. (81%). 
m. p. 204° alone or mixed with an authentic sample. In a duplicate experiment, (I1]; X — Br) (1-112 g.) 
gave (4) (714 ¢@ , 78%) 

b) With methyl and ethyl alcohol. The chioro-compound (III; X C)) (5 2.) was added to methyl! 
alcohol (3) ¢.c.) at room temperature. Heat was evolved and an immediate crystalline precipitate was 
obtained, The supernatant liquid was decanted, and the precipitate washed with methyl! alcohol 

W «.c.), collected, and recrystallised from acetone-chioroform. The vield was 1-9 g. (38-8%,) and the 


m. p. 134° (ne depression with an authentic specimen of (I; K « Me)) (Found: OMe, 13-2. Calc. for 
ni HO, OMe, 14.0% 


The compound (IIT; X « Cl) (3 ¢.) was added at room temperature to ethy! alcohol (30 c.c The 
crystalline precipitate was collected, washed with ethyl alcohol (3 * 10c.c.), and dissolved in chloroform 
acetone at 0” and some of the solvent removed in the cold. Crystals were obtained (0-9 g.), m. p. 115° 
decomp.}. giving no m. p. depression with an authentic specimen of (I; RK Me) (Found: OEt, 20-6 
Cale. for CJH,O,N, > Ot, 19-2% 


Addition of (111; X ir) (2-5 g.) to methyl aleohol (20 c.c.) at room temperature caused the 
liberation of bromine and the separation of a crystalline precipitate. This was collected, washed with 
methyl alowhal (2 « 10 cx then with ether (10 ¢.c.), and recrystallised from warm acetone—chloroform 
it: R CH,) (0-6 ¢.), m. p. 134°, giving no m. p. depression with an authentic sample, was obtained 
Found: OMe, 13-1. Cale. for C,H,,O.N,: OMe, 140% 

) Week acetic anhydride, Isolation of (11) The compound (IIT; X Cl) (3 «.), added to acetic 
anhydride (15 ¢.¢.) at room temperature, dissolved in a few minutes The solution, set aside in an 
open beaker for four days, gave (11) as large crystals which were washed with methy! alcohol (2 «x 10c.c.), 
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then with dry ether san) OOee. 2-28 .). Recrystallisation from warm ethy! acetate gave 1-84 ¢. 
63%) of (LI), m. p. 156° undepressed with an authentic specimen (Found : C, 27-5; H, 44. Cake. for 
CHOWN, : C, 27-4; H, 41%). 
Under similar experimental! conditions (III; X — Br) (1-5 g.) was added to acetic anhydride (7-5 .c.) 
recrystallisation from ethyl acetate, crystals (0-54 g.), m. p. 156°, giving py em ty an 
of (11), were obtained (Found: C, 27-6; H, 45%). They gave a of 26° 
with (IV; = Ac). 
(d) With water, producing methylenedi-1-(3 : 5-dinstro-1 : 3; Payee pom rw | (B). The compound 
IIL; X = Cl) (6 g.) was stirred with aqueous sodium acetate (50 c.c. o ter +4. of hydrated sodium 
acetate) at room t ature. The supernatant liquid was decanted, the residue was stirred with water 
rpm Sane Pee ees hen ak ae, en ene 
at (b. p. 40-60") added. White separated (0-3 
545%), ), mp ia with an authentic specimen of (2) (Found: C, 230; 
41. CHON. C , 38%). 


Risceoce of (1; R = Me) with Acetyt Nitrate.—The ether (I; om Me) (14 g.) was added to acety! 
nitrate (44 g.), cooled in a stoppered flask in solid carbon dioxide ~~ was no noticeable evolution 
of heat and the temperature was allowed to rise to ~—6°. The ipitate was collected, washed with ether, 
and dried im eacwo (12-5 g.). On fractional crystallisation of this mixture from acetone, pure (4) (6 A] ) 
was separated, but the other component, suspected of being (IV; K = Ac), could not be obtained free 
from (4). However, on addition of ether to the acetyl nitrate mother-liquor, a small crystalline one 
cipitate of (TV; R = Ac) was obtained, m. p. 152° (Found: C, 266; H, 43. Calc. for C,H,,0 
C, 27-1; H, 36%), which, when dissolved in 98% nitric acid, kept thus for 1 hour, and pou into 
water, gave no precipitate. Destruction by concentrated nitric acid is a property of open-chain 
derivatives such as (IV), whereas (A) remains undecomposed by nitric acid for a very long time. It 
appeared, therefore, that the small portion of the product which had remained dissolved in the acety! 
nitrate was almost pure (IV; R = Ac). 

Later experiments were carried out as follows. Acety! nitrate (49 g.) was cooled in a solid carbon 
dioxide-acetone bath, and (I; R « Me) (85 g.) was added. The reaction mixture was allowed to reach 
room temperature, then cooled again, and diluted with cold ether (150c.c.), The precipitate was filtered 
off, washed with ether, and dried in vacwe (10-5 g.). It was then dissolved in 99% nitric acid (30 ¢.c.) 
at —40° and the temperature allowed to reach 0°. The mixture was then poured into ice-water (100 c.c.,), 
giving a white precipitate which was collected, washed with cold ethyl alcohol (25 c.c.), and refluxed with 
absolute ethyl! alcohol (100 c.c.) for 1} hours. The solution was then cooled in a solid carbon dioxide- 
acetone bath, and the a which separated was collected and then extracted with ether. The 
ethereal! solution was dried (N ),) and filtered, and the filtrate evaporated to dryness on a water-bath. 


The residue of 1 : 7-diethoxy-2 : 4: 6-trinitro-2 : 4: 6-t tane (IV; K = Et) was recrystallised 
from warm ethy! ak ohol, giving thin plates, m 82° (2-0 g., 23%). ae es on admixture with an 


authentic — (F C, 28-0; H, 62; Ot, 26-4. Cale. for € ellis C, 20-5; H, 5-5; Ot, 
27-6%) residue, insoluble in ether, when washed several times ek ether and dried 1m vacuo 
(yield, 2-5 g., 20-49%), had m. p. 204°, giving no m. p. depression with an authentic specimen of (A). 

Reaction of (111; X = Cl) with Acetyl Nitrate.—Acetyi nitrate (59 g.) in a epee flask was cooled 
to —60* in a solid carbon dioxide-acetone bath, and (III; X « Cl) (5-4¢.) was led, forming a solution 
which was allowed to reach room temperature, then cooled again to —60°, and diluted with cold ether 
(200 c.c.), the flask being kept in the above cooling bath. The precipitate which separated was collected, 
washed several times with cold ether, and dried im vacwo (yield, This mixture of (A) and (IV; 
R = Ac) was then dissolved in 99%, nitric acid (25 c.c.) at — 40", and the temperature allowed to reach 0°. 
The solution was poured into ice-cold water (100 c.c.), giving a white precipitate which was collected, 
washed with cold ethy! alcohol (25 c.c.), and then refluxed with absolute ethy! alcohol (50 c.c.) for 1§ hours. 
The solution obtained was cooled in a solid carbon dioxide bath, the c line precipitate collected and 
then extracted with ether, and the ethereal! solution dried (Na,SO,) ne residue, insoluble in ether, was 
very smal] (0-05 g., 0-9%) and had m. p. 204° undepressed on admixture with (A). The ethereal solution 
was evaporated to — and the residue recrystallised from warm ethyl alcohol, giving (IV; K = Et) 
(2 g., 25-6%), m. p. $2°, undepressed on admixture with an authentic sample (Found : C, 20-4; H, 5-7; 
OEt, 260 Cale. for CH, ,N,: C, 20-6; H, 6&5; OFt, 27-6%). 

Reaction between Methylenedi-\-(3 : 5-dinitro-1 : 3: S-triazacyclohexane) (B) and Acetyl Nitrate 
Acety! nitrate (35 g.) was cooled in solid carbon dioxide-acetone, and (#) (2-5¢.) added. The experiment 
was then conducted as described in the previous pocceeree The ether-soluble materia! thus obtained 
was recrystallised from alcohol, giving 0-81 g. (36-4%) of (TV; K « Et), m. p. 82° undepressed on 
admixture with an authentic sample. The residue, (1-1 g., 36-3%), m. p. 203°, insoluble in ether, gave 
no m. p. depression with a specimen of (4). 


Reaction of He with Acetyl Nitrate.-Hexamine (6 g.) was added to cooled acety! nitrate (04 g.) 
and treated as above. The ether-soluble c t (2-4 g., 18-09%), when recrystallised from ethy) 
of (IV; R = Et), m. p. as undepressed on admixture with an authentic sample 
; H,60, Cale. forC,H,,O,N,: C, 20-5; H, 55%). The insoluble residue, washed with 

water and dried in vacuo, gave (A) (1-8 g.), mixed m. p. 204°, 

Reaction of Acetyl Nitrate with 3 : 5-Dinitro-\ - 3: 5-diaracyclohexane Nitrate (C) and Paraformaldehyde. 
—The nitrate (C) 0) ons penne © g.) were added to acety! nitrate (30 g.) cooled in solid 
carbon dioxide, and as described above. No ether-soluble material was obtained, the sole 
product being (A) (4 ¢., 72%), m. p. 204°, giving no m. p. depression with an authentic specimen. 

1 : 3-Dinitro-1 : 3 : 5-triasa-n-pentane 5-Nitrate (D) and Acetyl Niirate.—The nitrate (D) (5 ¢.) was 
added to acetyl nitrate (33 g.), cooled in solid dioxide, and the mixture then allowed to reach 








temperature. ee eetecaiiateme a Reett cut ee. NO. 
having m cmp 1a x: perce the origina! substance iit; H.40; NO 
ak HO, 105; H. 36; NO,’, 272%). It was completely soluble in cold water. 
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570. Methylene-nitramines. Part 111. 
By K. W. Duxwine and W. J. Donnina. 


The action of “ef; nitric acid at low temperatures on 1- ~~ ge and 1-chloro- 
methy!)3  5-dinstro-1 5-triazacyclohexane has been in both cases, when the 
reaction mixture was diluted with ether, di-(3 . 5-cinitro-1 : 3: 56-triazacyelohexylmethy!) ether 
(1) was obtained, or, on dilution with water, 3: 5-dinitro-1 : 3: 5-triazacyelohexane nitrate. 


Tue action of absolute nitric acid on l-methoxymethyl-3 : 5-dinitro-1 : 3: 5-triazacyelo- 
hexane (hexahydro-l-methoxymethy!-3 : 5-dinitro-s-triazine) (4) at —31° was studied with a 
view to isolating products which might indicate the mechanism of attack of nitric acid on such 
a molecule. In order to exclude, or at least minimise, the possibility of hydrolytic reactions, 
dry ether was used as diluent. The time of reaction was varied from 10 to 30 minutes. The 
products obtained with a reaction time of 10-—12 minutes contained a high proportion of nitrate 
and were onstable in air, On the other hand, a reaction time of 15 minutes gave a product 
which contained little or no nitrate and was stable in air. Further increase in the time of 
reaction produced very unstable substances containing some nitrate. The results were not 
completely reproducible, the nitrate content varying somewhat in duplicate experiments, but 
it seemed that 15 minutes was the optimum for production of a relatively stable substance 
almost free from nitrate. 

The products dissolved completely, with decomposition, in boiling water, showing the 
absence of 1: 3; 5-trinitro-1 : 3: 5-triazacyclohexane (H). In some of the products there was a 
amall impurity of unchanged (4), estimated by the methoxy! content of the product. An 
attempt was made to take X-ray powder photographs of the products. Only the products from 
the 15-minutes reaction were stable enough to exist in air for the requisite length of time. These 
products were micro-crystalline and gave a definite series of lines. Reaction times of 10 minutes 
and 30 minutes gave products which decomposed in about half-an-hour in air, forming a liquid 
Hy coating these materials with collodion and exposing them for a long time, a few faint lines 
were obtained, which corresponded to those of the stable product from the 15-minutes 
experiment 

The reaction products showed a varying reactivity towards methy! alcohol, the stable 
product being unreactive, whereas the unstable products reacted readily, forming (4). Although 
the stable product was sparingly soluble in acetone, it could be recrystallised from slightly 
warmed dry acetone and chloroform, giving crystals which decomposed at 150° with formation 
of a white sublimate. It was identified as di-(3 : 5-dinitro-1 : 3: 5-triazacyclohexylmethyl) 
ether, (1) (see Experimental section) 


oe cH, 


4“™ JN 
ON NCH, O-CHYN ‘NO, 
Ho = CH, HAC oy a) 


‘NO, N NO, 


Comparison of the X-ray photograph of the recrystallised compound with that of methylene 
di-1-(3 : 6-dinitro-1 : 3: 6-triazacyclohexane) showed that they were different. Professors 
Hodgkin and Cox independently determined the molecular weight by the X-ray diffraction 
pattern from a single crystal. Their results are in good agreement: 394 and 399 (Calc. for 
CoH, ON ig: 306) 

Substance (1) gave 1: 3: 6-trinitro-] : 3: 5-triazacydohexane (B) in 94% yield when treated 
with 96%, nitric acid. Since, in the experience of the authors, only substances in which the 
triazacyclohexane ring is already present give (8) with nitric acid of this strength, this was 
taken as evidence that the triazacyclohexane ring was present in (I). Confirmation was 
obtained by the reaction of (1) with acetic anhydride, producing l-acety!-3 : 5-dinitro-1 : 3:5 
triazacyelohexane. Acety! nitrate and (1) gave, in addition to (B), a product which on further 
treatment (see Part Il) was converted into the more easily separable 1 : 7-diethoxy-2 : 4: 6- 
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trinitro-2 : 4 : 6-triazaheptane. It was concluded that the first substance was | : 7-diacetoxy- 
2: 4: 6-trinitro-2 : 4: 6-triazaheptane, indicating that a methylene group was attached to the 
triazacyclohexane ring in the original substance. 

Products from experiments with reaction times other than 15 minutes were stirred with 
acetone at room temperature. White residues were obtained, analyses of which agreed fairly well 
with that of (I). This, together with the presence in the X-ray photographs of faint lines 
identical with those of (1), suggests that these unstable products were mixtures of (I) and a more 
labile compound containing nitrate. In an attempt to show whether or not the latter had a 
methylene group attached to the triazacydohexane ring, the behaviour of the unstable products 
with acetyl nitrate was studied. The results, however, were not conclusive because the amount 
of 1: 7-diethoxy-2 : 4 : 6-trinitro-2 : 4: 6-triazaheptane finally obtained could have been 
prea secelenge: ego bBo glh prem diode mmm be already known to be present in 
the mixture. With nitric acid at 0° these unstable oer were Oe ete hence the 
products from these experiments contain the triazacyclohexane ring. te-contai 
compound is evidently not 3: §-dinitro-1 : 3 : 5-triazacyclohexane FB inay since the latter is 
sufficiently stable in air to give an X-ray powder photograph. 

Although no detailed experiments were carried out at these low temperatures for reaction 
times longer than 30 minutes, it was noted that in one experiment, when the reaction time was 
50 minutes, (B) was present in the product. 

1-Chloromethy!-3 : 5-dinitro-1 : 3 : 5-triazacyclohexane (C) was allowed to react similarly 
with absolute nitric acid. Under each of three sets of conditions, the product isolated was 
almost pure (1), as shown by analysis and an X-ray powder photograph. The unstable nitrate- 
containing products were not formed. 

(A) was then allowed to react as above with absolute nitric acid but water waa used to stop 
the reaction. The product was noticeably denser than when ether was used. An elementary 
analysis was in fair agreement with that of 3 : 5-dinitro-1 : 3 : 5-triazacyclohexane nitrate. The 
product, when treated with acetyl nitrate, gave (B) in good yield, but no trace of | : 7-diacetoxy- 
2:4: 6-trinitro-2 : 4: 6-triazaheptane, indicating that no methylene group was attached to the 
triazacyclohexane ring. Finally, an X-ray powder photograph of the product was identical with 
that of 3: 5-dinitro-1 : 3: 5-triazacyclohexane nitrate. A possible origin of the latter is 
hydrolysis of 1-nitroxymethyl-3 : 5-dinitro-1 ; 3: 5-triazacyclohexane by the added water. 
Similarly, when the reaction between 1|-chloromethy!-3 ; 5-dinitro-1 : 3 : 5-triazacyclohexane and 
absolute nitric acid was interrupted by diluting the reaction mixture with water, a white 
precipitate separated which was almost certainly crude 3 : 5-dinitro-1 : 3 : 5-triazacyclohexane 
nitrate. 

When methylenedi-1-(3 : 5-dinitro-] : 3 : 5-triazacycdohexane) was similarly treated with 
absolute nitric acid and the reaction mixture diluted with ether, it gave a product containing 
60% of 1: 3: 6-trinitro-1 ; 3: 5-triazacyclohexane (B). In contrast with the absence of (B) in 
the nitrolysis products from compounds (A) and (C), its presence in this case supports the 
formula suggested for this compound in Part I, since the fission of one of the bonds in 
the system >N-CH,N< must lead to immediate formation of (B). 

Thus neither 3 : 5-dinitro-1 : 3: 5-triazacydohexane nitrate nor the ether (I) is a true 
intermediate in the nitrolysis of (A) and (C), but they arise by the interaction of the diluents, 
water and ether respectively, with the true intermediate. 





EXPERIMENTAL. 


Reaction of \-Methoxrymethyl-3 : 5-dinitro-1 : 3 : 5-triazacyclohexane (A) with Nitric Acid.—Experiment 
la recorded below is typical of the series, though the time of reaction was varied (Table 1). 

Freshly distilled ee ree oes EP OAS in a tall-form beaker with a Perspex cover, was stirred and 
cooled in a solid carbon dioxide—acetone bath until the temperature - ~4#0°. 1-Methoxymethy!- 
3 : 6-dinitro-1 : 3: 5-triazacyclohexane (A) (0 g.) was added with The tem megy hg 
allowed to reach —31° and kept there. After 10 minutes, trom the 
of (A), the cooling bath was raised round the beaker, and dry ether (250 c.c.) previously cooled 
was added during about 10 minutes, the temperature of the eee Sag Sa ee —30", 
a Bae ie hn gay elle Benedh ee ee Fall Sy duces covered to prevent 

of moisture. It was then washed with cold ether wo cc.) and ether at room 
temperature (3 | ) and dried in a vacuum-desiccator (yield, 5-8 g.) (Found: C, 169; H, 35; NO,’ 
OMe, 1-5; CH,, 16-6%). 

Chemical and Physical Properties of the Reaction Products from the Series of Experiments la to Tb.— 
(i) Treatment with boiling water. A of the precipitate obtained in Expt. la was boiled with 
water in which it dissolved complete ma, mice (ery ari indicating that no | ; 3: S-trinitro-1 ; 3; 5- 

ye penn soluble in, and is unattacked by, boiling 
of experiments 1b—7b also contained no (B). 
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(it) Reactivity with methyl alcohol. ‘The treatment of product from Expt. la is typical. A portion of 
the precipitate (1-07 g.) was added to methy! alcohol (20 ¢.c.) at room temperature and set aside for 
10 minutes. The i ble material was collected and dried in a vacuum-desiccator (yield, 10 g¢) 
(Pound : OMe, 141%). RKeerystallisatioa from acetone gave (0-61 g.), m. p. 134" alone and when mixed 
with an authentic specimen l-methonymethy!-3 : 5-dinitro-1 : 3: 5-triazacyelohexane (4). (Por the 
resalts of a similar treatment of the products from the other experiments, see Table | 


Taste | 


Acton of 100%, nitric aced at low temperatures on \-methoxymethyl-3 : 5-dinitro-1 : 3: 5- 
triasacyclohesane. 


9 g. were treated with 100%, nitric acid (90 c.c.) at — 31°. The reaction was arrested by addition 
of dry ether (250 ¢.<.) 

: %, OMe in crude 
ime oduct obtained 
of Wt. of Anatyule of ppt ) Ny treating the 

uw ROY, Ct, Bie, : ppt. with MeOH 
%e % 


16-6 16 
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Further Investigations of the Products from Expts. 4a and 46.—A portion (3-0 g.) of the precipitate from 
Expt. 4a was stirred with acetone (25 ¢.c.) at room temperature, the solvent decanted, and the residue 
stirred with acetone (3 « 10 ¢.c.), then with ether, and the residue (1-5 g.) dried im vacuo (Found: C, 
24-4; H, 43%). An X-ray powder photograph of this residue showed same lines as those of the 
original precipitate. 

The substance was dissolved with warming in dry acetone, and chloroform was added wntil the 
solution became slightly cloudy. On storage, smali, well-defined crystals of di-(3 : 5-dineiro-1 : 3: 5- 
triasacyclohexyimethyl) ether were obtained (Found: C, 245; H, 42. C,H,,O,N,, requires C, 24-2; 
iH, 40%): single crystals began to disintegrate at 120°; at 150° there was no melting, but extensive 
decomposition cecurred with formation of a white sublimate. An X-ray powder photograph of the 
recrystallised material was identical with that of the maternal before recrystallisation and 
different from that of methylenedi-1-(3 : 5-dimitro-1 ; 3: S-triazacyelohexane). Professor E. G. Cox 
and Dr. J. O. Warwicker very kindly undertook a molecular-weight determination and report: “ The 
crystals were monochnic ae@ 1053, 6 = 2-56; ¢m 7474 B = 96° 15’. Space-group P2,/m 
(nearly P2,/n), d@ 1-65, whence four molecules per unit cell. Hence M — 399 (Calc. for C,H,,O,N,, 
396). It is possible, but improbable, that the molecular weight is 200 or 708." 


Mrs. Hodgkin and Miss P. Cowan report: “ Unit cell dimensions: @ « 10-52; 6 = 20-54; ¢ « 
7434. 8 « OT 41-644. From these figures, the unit-cell molecular weight is, by calculation, 1576, 
i.¢., four times 304 


Treatment of the Ether (1) with Acetyl Nitrate.—.The ether (1:3 g.) was added to acetyl nitrate (14 ¢.) 
cooled in solid carban dioxide—acetone, and the mixture then allowed to reach room temperature. Cooled 
ether (50 ¢.c.) was added and the white precipitate collected, washed with ether, dried im vacuo, and 
dissolved in 90%, nitric acid (12 ¢.c.) at —40°, and the temperature allowed to reach 0 Water (0 c.c.) 
was added and the precipitate was collected, washed with cold ethyl alcohol (10 c.c.), and then refluxed 
with absolute ethyl alcohol (40 ¢.c.) for | hour. The alcoholic solution was cooled and the crystalline 
precipitate was collected and extracted with ether. The ether-insoluble portion of the precipitate 
weighed 0-44 g. (30-2%,; if 2 moles of (B) are obtained from one of (1)) and had m. p. 204°, giving no 
depression when mixed with an authentic specimen of (#). The ethereal extract, after evaporation, 
gave a resdue (0-54 @) (25-3%,, assuming 2 moles of | : 7~<liethoxy-2: 4° 6-trinitro-2 : 4: 6-triaza- 
heptane are obtained from one of (I), m. p. 80°, which on recrystallisation from ethyl alcohol gave 
1: T-hethoxy-2 4: 6trinitro-2 4. 6-triazaheptane (0-4 g.), m. p. 82° undepressed on admixture with 
authentic material 


Treatment of the Ether (1) with Nitric Acid.—The ether (0-1318 g.) was added to 96% nitric acid 
(2 c.<.) at 0" and the reaction mixture kept at 0° for 20 minutes. Distilled water (24 ¢.c.) was 
The white precipitate, collected, washed with water, and dried at 100°, had m. p. 199° (0-139 g., 04-4%) 


Treatment of the Ether with Acetic Anhydride.—The other (0-2 ¢.) was added to acetic anhydride 
(S¢.c.) at room temperature and the mixture set aside After several days, the crystals which 
were washed with ether and dried in vacuo (0-16 g 72%: mp. 150°). Recrystallisation from ethyl 
acetate, gave l-acety!-3 : 5-dinitro-1 ; 3: 5-triazacyclohexane (0-608 g.). m. p. 156° (mixed m. p.). 





(1950) Methylene-nitramines. Part I11. 2931 


Further Properties of the Unstable Products containing Netrate (see Table 1).--Treatment with acetone 
A portion (3 g.) of the precipitate from - la was stirred with acetone (25 cc.) at room temperature 
and the acetone decanted from the white bie residue, which was then stirred with a further two 
10-c.c. portions of acetone. The residual ether (1) was washed with ether and dried im a 
vacuum-desiccator (0-8 g.) (Found: C, 24-9; HM, 35%). The precipitate from Expt. 7a was treated 

and gave a similar white residue (see Table 1) 

Treatment anth acetyl mitrate. The ucts from Expt. lb and 2 were treated with acetyl! nitrate 
under similar conditions to those descri above tor compound (I). 5-9 g. of product from Expt. 1b 
gave 1-3 g. of | : 7-diethoxy-2 : 4: 6-trinitro-2 ; 4: 6- and 13g. 0f (B). 56. of product 
from Expt. lc gave 1-0 g. of diethoxy-compound and 0-6 g. of (3) 

Treatment with nitric acid. The product (0-3376 g.) from Expt. lo was treated with 100% nitric 
acid (3-4 c.c.) under conditions similar to those described above for (I). 1.3. 5-Trinitro-1: 3: 4- 
triazacyelohexane (B) (0-240 g., 71 wt.-%), m. p. 108°, was obtained. Kecrystallisation from acetone 
gave (0-1 g.), m 24° by an authentic specimen of (8). A similar experiment with 
the precipitate (0-771 g.) from Expt. 7b gave material (0-320 g., 41-5 wt.-%) of m. p *, giving no 
m. p. depression with bs). 

Reaction of 1-Chloromethyl-3 : 5-dinitro-1 : 3 : 5-triazacycloherane (C) with 100%, Nitric Acid —Three 
experiments were carried out (see Table II). Expt. | is described as typical. The compound (C) (9 ¢.) 


Taste Il, 


Reaction of \-chloromethyi-3 : 5-dinitro-1 : 3: 5-triazacyclohexane (C) with 100%, nitric acid 
(reaction terminated by ether) 

Analy f ppt 
Wt. of Vol. of - A ysis o PP 

(Cc) HNO, yi 
(g (c.c.), Temp : % 
" ot) et | 2. 
” ~ ~36 2 
4 
5 





18 12000 = 36 4 - 48 
6 ow ~Si - 
was added to rapidly stirred absolute nitric acid (90 c.c.) at —40°. The temperature was allowed to 
reach 31° and was kept there for 6 minutes, including the time taken in the addition. The mixture 
was slowly diluted with cold sodium-dried ether (250 c.c.), the temperature being kept below — 30 
The reaction vessel had a Perspex cover to prevent condensation of atmospheric moisture on the 
mixture. The precipitate which separated was washed three times with cold sodium-dried ether, and 
once with dried ether at room temperature. The yield was 4g. and the m. p. 100° (decomp.) (Found 
C, 22-3; H, 4-5; N, 33-0; NO,’, 2-9; Cl, 0%). 

An X-ray powder photograph of the original precipitate, which was stable to an 18-hours exposure 
in air, was identical with that produced by the nitrolysis of (4), thus showing that the precipitate was 
compound (I). The original precipitate dissolved completely in boiling water, which showed the absence 
of (8). 


A portion (0-6 g.) of the original preciptate was added to methy! alcohol (10 c.c.) at room temperature 
and the whole kept for 4 hour. The supernatant liquid was decanted and the insoluble residue washed 
with methy! alcohol (10 ¢.c.), then acetone, and finally ether, and dried in a vacuum-desiccator, the 
yield being 0-09 g. and the m. p. 130° (decomp.) (Found : C, 24-4; H, 40; N, 383; OMe, 0%). Hence 
the original precipitate, shown by X-ray photographs to be compound (1), is unreactive towards methy! 
alcohol. 


Reaction of (A) with Nutric Acad. Dilution of the Reaction Mixture atth Water.—The reaction between 
(A) (9 g.) and absolute nitric acid (90 c.c.) was carried out as recorded in Table I, being allowed to proceed 
for 12 minutes. The mixture was then diluted with water, the temperature of the resulting mixture being 
kept at —20°. The white precipitate of 3 : 5-dinitro-1 : 3 : 5-triazacyclohexane nitrate was collected on 
a sintered-glass filter, washed with acetone (2 x 25 c.c.) cooled to — 50”, then with ether (25 c.c.), and 
dried in a vacuum-desiccator (yield, 6-8 g.) (Found : C, 15-5; H, 3-5; OMe, 09; NO,’ 26-5. Calc. for 
C,H,O,N,: C, 15-0; H, 3-3; NO,’, 25-89%). The methoxyl content of the precipitate indicated the 
presence of a little unchanged (4). An X-ray powder photograph of the precipitate confirmed its 
structure. With acetyl nitrate (50 g.) the precipitate (6-8 g.) gave (4) (4-4 ¢.), m. p. 204", but no trace of 
ether-soluble material after the Wright separation (see Part 11), a proof of the absence of a methylene 
group attached to the triazacyciohexane ring. 

Reaction of (C) with Nitric acid. Dilution of the Reaction Mixture with Water.—-The compound (C} 
(6 g.) was to 100% nitric acid (10 c.c.) at —40° (see Table 11). The product (3-5 g.) was obtained 
on dilution of the reaction mixture with water and —— to be crude 3 : 5-dinitro-1 : 3: 5-triaza- 
cyclohexane nitrate (Found: C, 16-8; H, 3-7; NO,, 246%). 

Reaction of Nitric Acid with Methylenedi-1-(3 : 5-dinitro-\ : 3: 5-triazacyclohexane).—-This compound 

to 100% nitric acid (80 c.c.) at —40". The tem ture was allowed to rise to —31 
kept for a further 9 minutes. ether (250 ¢.c.) was added 


Steds ESO, HOG IPO A cortinn of the precioivate 
; H,33; ’, 13-4%). of t itate 
large Jos" alone or when 


crystals (0-735 g.), m. p. mixed! 
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The elementary analyses quoted in these papers were performed by Miss P. M. Garwood and 
Drs. Wetler and Strauss. 
The authors are indebted to Mr. Wellard of the Department of Physics, University of Bristol, for the 


X-tay powder photographs, and to Lr. E. Roberts, the Ministry of ¥. fot many helptul discussions: 
Acknowledgment is made to the Chief Scientist of the Sainaasy of begpty for permismon to publish 
the work recorded in this and the two preceding papers. 
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571. The State of Sulphur Dioxide dissolved in Sulphuric Acid. 
By V. Goin and F. L. Tve 


The near-ultra. violet ete te spectrum of gd dioxide in solution in sulphuric 
acid (100%) and m oleum (19°, free 50,) has been found to be similar to the spectrum in 
other solvents and im the gas phase It is concluded that sulphur dioxide dissolves in sulphuric 
acid without chemical change 


CONCENTRATED sulphuric acid is a good solvent for a variety of compounds, but only few of these 
are known to dissolve without accompanying chemical change. In particular, many substances 
which are not normally considered basic, dissolve in sulphuric acid by virtue of an ability to accept 
Ulwe-viele eheorption of wiplen dieside ia 4 proton from the solvent and to pass into solution 
sulphuric acid and clewm as the conjugate acid cation (Hammett, Chem 
Reviews, 1933, 18, 61). Sulphur dioxide is appreci- 
ably soluble in sulphuric acid and it was therefore 
of interest to investigate its molecular state in 
this system 
A study of this problem by means of ultra- 
violet absorption measurements was also of 
practical relevance. It has been found by several 
workers that certain specimens of sulphuric acid 
appear opaque to ultra-violet light in the region 
A 2800 4. and are useless as solvents for the 
measurement of absorption spectra in this region, 
and that a transparent acid can only be pre- 
pared in the absence of reducing impurities. It 
seems plausible to attribute this opacity to 
sulphur dioxide, which is known in the gas phase 
to have a banded absorption region stretching 
approximately between 2 24004. and 2 3400 4., 
with a maximum intensity of absorption near 
% 2800 4. (Watson and Parker, Physical Rev., 
1931, 37, 1484), but direct evidence of this point 


Om aoe 7800 r 0 has hitherto been lacking 
Wave-/ength, A 
(4) Sulphurte acted (100%) 
BH} Olewm (19%, free SO, The solvent acids were prepared by distillation 
of sulphur trioxide into A RK 98% sulphuric acid 

and dilution of the resulting oleum with more 98% acid. The composition of the 100%, acid was checked 
by its freezing point. The concentration of olewm was determined by volumetric acidimetry. Solutions 
of sulphur dioxide were prepared by bubbling the dried gas (syphon) through the solvent, followed by 
dilution of the stock solution as required. Abserption spectra were determined SS by 
means of a Hilger medium quartz spectrograph used in conjunction with a Spekker photometer and 
an iron spark source. Heer's law was tested over the concentration range 0-(005-—0-005m. for solutions 
im sulphuric acid and over the range 0-001--0-005m. for those in oleum (19% of free SO,), and found to 
hold within the limits of accuracy of the analyses. The spectra are represented graphically in the 
figure. Extinction coefficients (e) are defined by the usual relation, log,, /,// = cl (J « thickness of 
absorbing layer, inom.; « concentration, in moles litre) 
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EXPERIMENTAL 


Volumetric Determination of Sulphur Diorsde.—10 MI. of the acid solution were pipetted slowly and 
with shaking into a stoppered bottle contaming water (100 m) ) and a two-fold excess of standard sodine 
solution. The excess of iodine was titrated against standard sod-um thiosulphate solution. Blank 
titrations were carried out on the ” pure solvent (used in the reference beam of the spectrophotometer) 
and a correction apphed for its content of sulphur dioxide The method agrees substantially with the 
procedure used by Miles and Carson (/., I 7S8) 
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Discussion. 


In the Table the extinction coefficients and the wave-lengths of maximum absorption are 
given for sulphur dioxide in several solvents and for the pure substance in the gaseous and the 
liquid phase. It is seen that for all solutions the position of the maximum remains virtually 
unchanged from that for sulphur dioxide gas, and that the value of the extinction coefficient and 


, , Yona s 
State of SO, .) , : . (A). Sean. Source of data 


27%) Ley and Konig * 
ss 2760 Schaefer * 
» a4 
Ley and Konig * 2760 - Schaeter * 
Schaefer * » H,SO, (100%) 2800 This work 
Schaefer * » eam (19% 


free SO,) ... 2780 This work 
2760 - Schaefer * 


* Results for low a. ae ~500 mm. 
+ An allowance has been for equilibrium of reaction between solvent and solute 
+ J., 1915, 107, 1324. * Z. amorg. Chem., 1918, 104, 212. * Z. physihal, Chem., 1938, B, 41, 365 
the shape of the absorption curve are changed only by a smal! amount, in spite of the drastic 
change of conditions. On the basis of his comparison of the absorption spectra of aqueous 
solutions of sulphur dioxide and of the gas, Wright (/., 1914, 105, 2007) had already concluded 
that sulphur dioxide in water must be largely present in the form of SO, molecules, and this 
opinion was endorsed by later workers. It now seems fairly certain that the same conclusion 
may be drawn for the solutions in sulphuric acid and dilute oleum, and that the solubility of 
sulphur dioxide is not due—at least not to any large extent—to specific chemical intera<tion with 
the solvent and provides no evidence for the existence of the conjugate acid species HSO,*, If 
it should be objected that such interaction is extremely unlikely on general intuitive grounds 
and need not be seriously considered, we would refer to the analogous weak basicity which has 
recently been postulated for the molecule SO,, a species which, by a similar criterion, could 
normally be regarded as even less likely to function as a base (HSO,* as active species in 
sulphonation : Stubbs, Williams, and Hinshelwood, /., 1948, 1065, Brand, ]., 1950, 1004). Our 
failure to detect any large conversion of SO, into HSO,* cannot, however, be used as evidence 
against a minute concentration of the active species HSO,* in sulphonating media. 

Lewis and Bigeleisen (J. Amer. Chem. Soc., 1943, 65, 1144) have attributed the high acidity of 
oleum to the ability of the solvent to transfer sulphur trioxide (an “ acid “ in the sense of the 
word used by G. N. Lewis). However, the experiments with solutions in oleum suggest that no 
definite compound SO,,SO,—which could be regarded as the anhydride of dithionic acid —is 
formed under these conditions. This is significant because Miles and Carson (Joc. cil.) have 
reported a great increase in solubility as the sulphur trioxide content of oleum increases. The 
interaction which is responsible for this effect is clearly not one which is profound enough to 
disturb the optical electrons of sulphur dioxide. We also conclude that the possible reaction 
SO, + H,SO,—> H,S,O, to form dithionic acid (analogous to the formation of disulphurix 
acid, H,S,O,, from sulphur trioxide) does not proceed readily under our conditions, although it 
is conceivable that the slow radioactive exchange reaction 

H,*S0O, (come.) + SO, ed *SO, + H,S0, 
(Norris, J]. Amer, Chem. Soc., 1950, 72, 1220) may involve this reaction as an intermediate step 

The increase in solubility observed by Miles and Carson must be due to molecular interaction 
of some kind which comes into play at the highest acidities. If we wish, we may describe the 
sulphur dioxide as “ solvated "' to a different extent in the various media, as long as we do not 
understand by this term any interaction to produce a molecular species in which the solvating 
molecules exert a significant effect on the electronic structure of the solute. We may perhaps 
link the case of sulphur dioxide with the organic oxygen compounds whose solubilities in aqueous 
sulphuric acid were investigated by Hammett and Chapman (/. Amer. Chem. Soc., 1934, 56, 
1282). These workers found an enormous increase in solubility with increasing acidity of the 
medium, but in a region of solvent composition where other methods have shown that the solute 
is not present in solution in the form of the conjugate acid. However, all the compounds for 
which this increase of solubility with acidity of the medium has been observed in the past are of 
a potentially basic character, t.¢., by increasing the acidity of the solvent even further, conversion 
into the conjugate acid could eventually be achieved (and it may be that the same would apply 
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to sulphur dioxide This suggests that solution ts accompanied by a chemical process which is 
& precursor to proton transfer and therefore only occurs with basic species. Similar consider- 
ations concerning the state of solutes in sulphuric acid have recently been advanced by Gillespie 
and Millen (Quart. Heviews, 1948, 2, 200), who regard this incipient manifestation of basic 
behaviour which accompanies solution as the formation of a 1: | complex between the solute 
and sulphuric acid by hydrogen bonding 

In conclusion, it 1s suggested that the measurement of light absorption in the near ultra-violet 
could be developed into a more convenient and precise method for the determination of sulphur 
dioxide in sulphuric acid than the iodimetric procedures usually followed 


Our thanks are offered to the Department of Scientific and Industrial Research for a Maintenance 
Allowance to one of ws (FL. T.) 
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572. Dithiols. Part VIII, Polymethoxy-dithiols. 


By L. W. C. Mites and L. N. Owen 


‘ 


2.3 4 @Tetramethy! 8-(2  3-dimercaptopropyl)glucoside (tetramethyl! BAL-Intrav), 
2 S-dimercapto-«-propy! 2 3-dimethoxy-s-propyl ether, 3: 4-dimethoxybutane-1  2-dithtol, 
and 3 4) O-trimethoxypentane-|  2-dithiol have been synthesised by routes similar to those 
previously ased for the corresponding polyhydroxy-compounds 


THe results of im vive tests on many of the dithiols described in this series of papers have been 
reported by Weatherall (/. Pharmacy Pharmacol, 1949, 1, 576; Weatherall and Weatherall, 
tril, J. Pharmacol., 1949, 4, 260), and it is clear that, although the presence of severa) hydroxyl 
groups in the molecule considerably reduces the toxicity, it also leads to a diminution in anti- 
arsenical activity, sometimes to a surprising degree. For example, in the series 
HO-CH,y CH(OH) /CH(SH)-CHySH, where n = 0, 1, 2, or 3, activity becomes zero when n = 3 
There is also a marked difference between the glucoside (BAL-Intrav) and the mannitol or 
sorbitol ethers of 2: 3-dimercaptopropanol (Bladon and Owen, J ., 1950, 591); the glucoside has 
the highest activity toxicity ratio vet recorded, whereas the ethers show little advantage over 
2 3-dimercaptopropanol itself From the preparative point of view, the polyhydroxy-dithiols 
are difficult to purify, the higher members cannot be distilled and have been isolated only as 
crude barium salts, and in several instances difficulties have arisen owing to the occurrence of 
side-reactions, some of which undoubtedly involve the inter- or intra-molecular loss of water or 
hydrogen sulphide. It therefore appeared of interest to investigate the synthesis of 
palymethoxy-dithiols, tetramethyl glucose having been found (Weatherall, private 
communication) to be essentially non-toxic to mice. The increased volatility of such 
compounds, in comparison with the corresponding polyhydroxy-dithiols, would be expected to 
lead to easier purification, and the absence of free hydroxyl groups to reduce the possibility of 
sxle-reactions. The compounds which have now been prepared are the O-methy! ethers of four 
polyhydroxy-dithiols previously investigated (Fraser, Owen, and Shaw, Biochem. ]., 1947, 41, 
325; Evans and Owen, / , 1949, 244; Evans, Fraser, and Owen, sbid., p. 248), and the syntheses 
were based essentially on those used for the polyhydroxy-compounds themselves, methylation 
bemg carried out before formation of the dibromides 

Deacetylation and methylation of 2. 3: 4: 6-tetra-acety! $-allylglucoside (Fischer, Z. physiol 
Chem, 1920, 108, 3) by stirring it with 30°, aqueous sodium hydroxide and methyl! sulphate 
gave 2:3. 4): 6-tetramethy! G-allylgiucoside, an improved yield was obtained by preliminary 
catalytic deacetylation of the tetra-acetate, and subsequent methylation. Bromination in 
alcohol-free chloroform proceeded normally, and reaction of the dibromide with potassium 


thiolacetate in beosling ethanol gave 2:3 4: t-tetramethy! 6-(2: 3-bisacetylthiopropy!)- 
glucomde (1 


CHyOMe MeO-CH yCH(OMe)-CH OCH -CH(SH)-CHySH 
H oO OCHyCHiSKy)CH,SR (ALL.) 


Sey 


“OT 


MeO-CH,’'CH(OMe)),-CH(SH)-CH,SH 
IV. # 1 V; a= 2) 
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A novel method of isolation of the free dithiol was possible in the case of this compound. 
Addition of methanolic barium methoxide to a solution of (1) in cold methanol resulted in 
deacetylation, but, unlike the corresponding non-methylated compound (BAL-Intrav), the 
barium salt remained in solution. It was therefore decomposed tm situ by carbon dioxide, the 
precipitated barium carbonate was removed, and evaporation of the filtrate gave tetramethy! 
6-(2 : 3-dimercaptopropy!)glucoside (II) (tetramethy! BAL-Intrav) in good yield; this could be 
distilled without decomposition 

Allyl 2: 3-dihydroxypropy! ether (Evans and Owen, loc. cit.) gave allyl 2: 3-dimethoxy- 
propyl! ether in good yield when treated with methyl sulphate and sodium hydroxide. Addition 
of bromine, treatment with potassium thiolacetate, and deacetylation as above gave 2 : 3-di- 
mercapto-n-propy! 2 : 3-dimethoxy-n-propy! ether (111) 

3: 4-Dimethoxybut-l-ene was prepared by deacetylation and methylation of 3: 4-di- 
acetoxybut-l-ene, and its structure proved by ozonolysis to give formaldehyde and 
2 : 3-dimethoxypropanal; conversion into 3: 4-dimethoxybutane-! : 2-dithiol (IV) was then 
carried out in the same way 

pL-erythro-3 : 4: 5-Tnacetoxypent-l-yne (Raphael, /., 1949, 5 44) on deacetylation and 
methylation gave the corresponding trimethoxy-compound, which on semihydrogenation over a 
palladium catalyst gave 3: 4: 5-trimethoxypent-l-ene, the structure of which was confirmed by 
ozonolysis to give formaldehyde and 2:3: 4-trimethoxybutanal. It was then converted, 
through the usual stages, into 3: 4: 5-trimethoxypentane-1 : 2-dithiol (V), The trimethoxy- 
pentene was also prepared from 3: 4: 5-triacetoxypent-l-ene (Evans, Fraser, and Owen, 
loc. cit. ; Raphael, loc. cit.) 

The thiolacetates produced by the long heating of a bromide or toluene-p-sulphonate 
Chapman and Owen, /., 1950, 579) with potassium thiolacetate are usually contaminated with 
an orange-red a not removed by distillation. Measurement of the light absorption of a 
typical product, | ;: 2- bisacety Ithio-3 : 4-dimethoxybutane, revealed two low-intensity maxima 
at 2810 and 1088 a., E}=, 42, probably due to the coloured material. Some dithioacetic esters 
are known to be orange red (Schonberg and Asker, /., 1045, 198), but, although dithioacetic 
acid shows a light absorption maximum at 2010 a. (Bergmann and Samuel, /. Org. Chem., 1941, 
6, 13), no data have been recorded for the esters. Methyl carbethoxydithioacetate 
(EtO,C-CHyCS,Me) and methy! dithioacetate (CH,-CS,Me) were therefore prepared (Laakso, 
Suomen Kem., 1944, 17, B, 1); they showed, however, only one high-intensity maximum at 
3050 a., ¢ = 13,000 and 12,000 respectively 

Simple experiments showed that in ethanolic solution potassium thiolacetate, thiolacetic 
acid, and air, but not an alkyl thiolacetate, were necessary for the formation of a yellow colour 
hight absorption, max. 2820 a.), no colour-formation taking place in an atmosphere of nitrogen 
The oxidation of thiolacetic acid by iodine, with or without the potassium salt present, gave a 
colourless liquid (max. 2280 4., ¢ = 3600). The nature of the orange-red contaminant is 
therefore still undecided. 


EXPERIMENTAL 


2.3.4: 6-Tetramethyl B-Allyigluconde.—2 . 3: 4: 6-Tetra-acetyl J-allyighucoside (40 g.) was dis- 
solved in acetone (100 ¢.c.), 30% aqueous sodium hydroxide (250 ¢.c.) was added, and me f ‘i sulphate 
80 g.) was run in slowly during 1 hour, the solution being kept at 45° and vigorously sti Further 
quantities of sodium hydroxide solution (100 c.c.) and methy! sulphate (40 g.) were added in the same 
way. Finally, excess of methy! sulphate was hydrolysed by raising the water-bath to boiling for 
30 minutes. Excess of alkali was neutralised with carbon dioxide, and the precipitated salts were 
hitered off from the cold solution and thoroughly washed with ether. Extraction of the filtrate with the 
ethereal washings (700 c.c.), drying (Na,SO,), and removal of the ether left a pale-yellow oil (20 g.) 
This was remethylated, using 30%, sodium hydroxide (100 c.c.) and methy! sulphate (40 g.), and worked 
up in the same way. Lhstillation gave 2:3 4: 6-tetramethyl B-allylglucoside (15-6 g., 55%), a colourless 
liquid, b. p. 74°/0-0001 mm., nf 1-4483, (a J —31-5° (c, 2-8 in chloroform) (Found: C, 569; H, 89 
CygH,,O,7 requires C, 56-5; H, & 8% 

Preliminary deacetylation of a solution of the tetra-acetate (80 g.), in dry methanol (250 c.c.) 
containing ca, 0-1 g. of sodium, for 12 hours at room temperature followed by removal of the methanol 
wave @ syru Methylation in the same way as before, but without the acetone, gave the tetramethy! 
allyigiucoside in improved yield (33-4 g., 60%) 


2:3: 4: 6-Tetramethyl B-(2 : 3-Dibromopropyl)giuconde.—To a solution of the tetramethyl! ally!- 
glucoside (15-5 g.) in aleohol-free chloroform (50 ¢.<.), bromine (9 g.) in chloroform (10 ¢.c.) was 
dropwise, with efficient stirring, the temperature being kept below 5° by cooling in ice. Washing with 
aqueous sodium thiosulphate, sodium hydrogen carbonate, and finally with water, drying (CaCl,), and 
removal of the chloroform gave 2. 3: 4: 6-teframethyl 8-(2 . 3-dibr opyi glucoside (21-5 g., 88%) 
roy pape ted ay kml ge ng og 2. b. p. 120—126° 0-0001 mm., gh omy af —s6 
(¢, 2-9 in chloroform) (Found : ; HL 5%. C,,H,,O,Br, requires C, 35-8; H, 5-6% 
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2.3.4 @&Tetramethy! §-(2 | 3-Bisacetylthtepropyligiuconde—-The dibrome-compound (26 ¢ 
potassium thivdacetate 15 g.), amd thiolacetic acid (0-5 «.c_), dessolved m ethanol (100 « «.), were heated 
under reflux for 6 hours, with rapid stirring en bemping The solution was cooled, poured into 
water (4) « ¢.). and extracted with ether (4 © [25¢.¢) Removal! of the ether from the dried Na,SO, 
extract gave crode 2 3 4° G-tetvamethy!l 82 B-tisacetylthtepropyligiucosde as a red oi! (21 g., 85%, 
A partion was distilled to give an orange liquid, b. p. 180° 0-000) mm., «ff 1-4977 (Found: €, 44-4 
H. 74, S i484. C,,HO,S, requires ©, 47-0, MH, 71, 5. 150%). Light absorption: Max. 2200 4., 
. sum 


2.3.4 6-Teramethsi 82.3 aormentge oo att. giucomde.— The basthiolacetate (21 g ) was dissolved 
umder nitrogen in s-methanolic barium methoxide (110 ¢ c.) and conied in a carbon dioxide-ethanol 
bath After | hour a rapid stream of carbon dioxide was passed through the solution for 30 minutes 
The precipitated barium arbomate was removed by filtration under nitrogen, and washed with ether 
the filtrate was evaporated under reduced pressure. Extraction of the residue with ether, and 
comeentration of the extract, gave a yellow, slightly viscous oi! (Pound: thiol-S, 15-1% Short-path 
distillation of this off at 12).-140° (bath) 0-001 mm. gave pure 2° 3. 4 6-teframethyl B-(2  3-ds 
mercaptopropylgiucomde (10g . 60%) asa pale yellow aene wi 14967. aiff —12-5 tc, 1-9 im chloroform 
Pound: C, 468. H. 76: 5S, 184) thiolS, 184 C.H,.O SS, requires C, 45-65 H, 7-7, 5, 187%, 


The bis-e-naphthylurethane, m. p. 92-4". was obtained by heating a portion with «naphthy! 
isocyanate for 3 days at 100°, but could not be completely purified (Found: C, 63-0; H. 61. Cale. for 
C,,H,O NS, ©, 618, H, 50%, 

Allyl 2: 3-Dimethoaypropyl Ether Glycerol «-chiorohydrim, b. p. 92--95° 3 mm. (75 ¢), in ally! 
akoheoi (745 «« was added dropwise to a solution of sxiiam allyloxmde prepared by dissolving sodium 
20 «.) in ally! aleohol (200 « « and the solution was heated ander reflux for 2 hours icf. Evans and Owen. 
J. 1040, 244 After neutralisation with carbon dioxide, water was added and as much allyl alcohol as 
possible was removed by distillation. Further dilution, constant extraction with ether, and distillation 
gave ally! 2: 3-dihydroxypropy! ether (60-5 g.. 77%), bp. 102°,2 mm ap 1.4630 

To a solution of the above compound (64 ¢.) in 35%, aqueous sodium hydroxide (115 ¢, 6 moles) 
maintained at 45°, methyl! sulphate (170 g.. 3 moles) was odded during 2 hours, with vigorous stirring 
b.xcess of methy! sulphate was decomposed by raising the temperature to 95° for | hour, the solution was 
covled, made just aced with 4n-salphure acid, and then continuously extracted with ether. The extract 
was washed with aqueous sxliom hydrogen carbonate, dried (Na,SO,), and evaporated to an oil, which 
was re-methylated in the same way, using three-quarters of the previous quantities of reagents 
Ihietifiation gave ally! 2 3-dimethorypropyl ether (60-5 ¢.. 78%), a colourless liquid, b. p. 95°/30 mm 
wt? 11-4268 (Found ©. 599, H. 11. C,H,.O, requires C, 680, H, 10-1% 


2. 3-Dibromo-n-propyl 2. 3-Dimethory-n-propyl F ther A solution of bromine (60 g.) in dry carbon 
tetrachloride (60 <<.) was added dropwise to a well-stirred solution of the ally! ether (60 g.) in carbon 
tetrachioride (100 « « cooled in tce-—salt (1 hour The solutoon was then washed with aqueous sodium 
thiosulphate, sodiam hydrogen carbonate, and with water, and dried (Na,SO, Removal of the carbor 
tetrachloride and distillatwn gave 2 3-d:dbrome n-propyl 2: 3-dimethory-n-propyl ether (95 g.. 80%), a 
colourless quid, b p. 110°6 mm, wf 14046 (Found C, 298; HM, 52; Br, 00. C,H,,O,Br, 
requires ©, 300) H. SO, Br, 0%, 


2 3. Bisacetyithive-n-pr 2 3-Limethosy-n-propyl Ether The dibromo-compound (5 g.), potas 
sium thiolacetate (4 ¢ and thiolacetic actd (2 cx in ethanol (25 cx were heated under reflux for 
Shoursina lc. S-necked flask, fitted with a mercury-sealed stirrer, in an atmosphere of nitrogen 
The cold solution was poured into water, and extracted with ether The dried (CaCl,) extract was 


evaporated, and the residual oil distilled to give 2) S-Ousacetvithie- n-propyl 2 3 .dimethory-n-pr »~pyi ether 


35 ¢. 75° as an orange-red liquid, b. p. 120°/0-001 mm wt 1.5040 (Pound: S, 20-0. ¢ sli,©,S, 


requires 5, 20-74% Light abeorption max. 22804. ¢ 9. lu 


In an earlier preparation, when the reaction mixture had been refluxed for only 6 hours, the product 
contained an appreciable amount of unchanged bromudie A further 6 hours reaction with fresh 
potassium thielacetate, but mm the absence of thiolacetic ac fave a pr xiuct contaimmng free thiol 
Approx. 30%, deacetylation took place 


2. 3. Demercapto-n-propy!l 2. 3-Dimethony-n-propyl Ether The bisthiolacetate (20 ¢.) was dissolved 


in dry methanol (100 «« and the solution was cooled in carbon dioxude-ethanol, under nitrogen 
w-Methanolic barium methoxnle (140 c.c.) was added slowly, with stirring, and the solution was allowed 
to warm to © during 2 hours it was then cooled again, and a stream of carbon dioxide was passed 
through (below 10°) for | hour After the addition of ether (100 cx which precipitated a further 
quantity of bariem salts, the solutsuem was filtered, and the solids were washed with ether Evaporation 
of the Gltrate and washings, ether-extraction of the residue, final removal of the ether, and distillation 
gave 2 3 dimercafte-n-propyl 2. 3-dimethory-r ‘ ther as a yellow liquid (11-2 g J b. p 
65° 0-000) mm. #]f 14995 (Pound C, 43-2 5, 282; thiolS, 282. C,H,,O,S, requires 
C, 425; HL 80O) S, 28-3% 


Reaction wit t <yanate gave a viscous liqerd which could not be induced to crystallise 
Heating at 100° wit snaphthy <“yanate and a trace of morpholine for ome week gave a bis-a 
waphihylurcthane t after recrystallisation from chloroform-light petroleum (b. p. 60—80°) had 
m.p 142143" (Fou C.#-5: H.65 t voll ,,! N.S, requires ( 638. HLS 7% 

3 4 Demethorybut!. |-cac Additeon of acetsxc anhydride to butadiene monoxide, ferric chloride being 
used as catalyst (Raphael, private communication), gave 3 4-diacetoxybut-l-ene, in 72%, yield The 
diacetate (65 g.) was stirred with 35%, aqueous sodium hydroxide (170 g.) at 45°, and methyl! sulphate 
200 ¢ ) was added during 4 hours. Extraction of the product in the usual way gave a somewhat viscous 
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eal (25 g.), ey ge tee ae mg ee en mp ee ttt eye re 
motile y son of the methylation was achieved by yA yng FA the oa) in methyl! todide 
100 ofand heating pet oe pl my pi ty sae ne oD ig removal of the 
solvent, and distillation of the residual oil rk 4-dimetho rybul-l-ene, as a colourless hquid (18-5 g., 
42%), b. p. 110° /765 mm., =f 1.4090 (F C, 61-7; H, 105. CyH,,0, requires C, 620; H, 10-44%). 


Ozonolyss A slow stream of ozonised oxygen was passed through a solution of the dimethoxybutene 
(0-45 g.) in carbon tetrachloride (10 ¢.c.), cooled in ice, until ozone could be detected in the exit gases 
(2 hours). The issuing oxygen was passed through water, which on treatment with dimedone gave the 
formaldehyde derivative (40 mg.), m. p. and mixed m. p. 189°, after recrystallisation from ethanol. 


The carbon tetrachloride solution was concentrated under reduced re, and the residue was 
decomposed by warming it with zinc dust (1 g.) and water (8 ¢.c.). iltration, and addition of 1% 
2: 4-dinitrophenythydrazine in 4n-sulpburic acid (70 ¢.c.), gave a sticky red solid (0-6 g.) which was 
extracted with benzene. Chromatography on alumina, and elution with benzene and benzene 
chloroform, — formaldeh yde 2 Pe mee nnn opt m. p. and mixed m. p. 163°, and 
2:34 idehyde 2 4-dinttrophenyihydrazome (200 > 5 the latter, on recrystallisation 
from ethanol ‘gave orange needles, m. p. 100° (Pound: C, 45-4; H, 48; N, 101. C,,H\O.N, 
requires C, 44-3; H, 47; N, 188%). 


1: 2-Dibromo-3 i ecbaatiian ~Treatment of the dimethoxybutene (17 g.) in the usual manner 
with bromine (25 g.) in carbon tetrachloride gave > 1: 2-dibromo-3 : 4-dimethoxybutane (31 ¢., 
78%), b. p. 108°/10 mm., #]f 1.5018 (Found. Br, 564. C,H,,O,Br, requires Br, 57-09%). 


1 2-Bisacetylihio-3 . 4-dimethoxybutane.—The dibromide (31 g.), potassium thiolacetate (28 g.), and 
thiolacetic acid (0-5 c.c.) im ethanol (150 c.c.) were heated under reflux for 8 hours. The addition of 
ether (100 c.c.) to the cold solation precipitated more potassium bromide, which was filtered off and 
washed with ether. Concentration of the filtrate, extraction of the residue with ether, and washing it 
with water, gave an orange ethereal solution which was dried (CaCl, and evaporated. Distillation of 
the residual red oil gave | : 2-bisacetylihvo-3 | 4-dimethorybutane, as an orange liquid (21-7 g., 76%), b. p 
110°/0-5 mm., »F 1.5008 (Found: 5, 23-6. C,,H,,0,5, requires S$, 241%). Light absorption. max 
2280 a. e = 8,100. 


3: 4-Dimethoxybutane-1 - 2-dithiol.—(i) The bisthiolacetate (5 g.) was dissolved in 2% methanolic 
hydrogen chloride (30 c.c.}, and the solution was heated under reflux for 4 hours in a stream of nitrogen, 
the exit gases being passed through 0-ln-iodine (25 ¢.c.). The iodine reduced (as estimated by back- 
titration with 0-IN-sodium thiosulphate) ted only to 4-5 c.c., indicating that very little volatile 
thiol or hydrogen sulphide was formed during the deacetylation Removal of the methanol, and 
distillation of the residue, gave 1-4 g. of a liquid, collected = four fractions, b. p. 83-112" 10 mm., 
nj? 1-489 1-506 (thiol-S, 14-1-—24-6), and a viscous residue (2:3 g.). The products were not further 
examined 


(ti) Deacetylation of the same compound (5 g.) with n-methanolic bariam methoxide (42 ¢.c.) as 
described above in the case of 2 ee oer 2. 3-dimethoxy-n- provy! ether, and distillation 
of the product, gave 3 : 4-dimethoxybutane-| : 2-dithtol (2-5 g., 73% / asa yellow liquid, b. p. 82°/1-5 mm., 
wn}? 15100 (Found: C, 307; H, 7-8; S, 35-5; thiol-S, 336. C,.H,,O,S, requires C, 30-6; H, 7-7 
S, 35-2%) 


3: 4: 5-Trimethoxypent-|-yne.—vt-erythro-3 : 4. 5-Triacetoxypent-l-yne (Raphael, loc. cit.) (10 g.) 
was deacetylated and methylated in the usual manner, with 35% sodium hydroxide solution (90 c.c.) and 
methyl sulphate (30 g.). By distillation of the product, 3: 4: 5-trimethoxypent-l-yne was obtained as a 
coloustons liquid (2-8 g., 45%), b. p. 85°/15 mm., ff 11-4350 (Found : C, 60-0, H. 88. C,H,,0, requires 

, 7; H, 89%) 


3: 4: 5-Trimethoxypent-l-ene.—(i) The acetylenic compound (2-7 g.) was dissolved in ethyl acetate 
(15 c.c.), and the solution was shaken with hydrogen at atmospheric pressure in the presence of 10% 
yalladium-charcoal (200 ) until | mole of hydrogen (422 c.c.) had been absorbed (20 minutes) 
‘jltration, evaporation, and distillation furnished 3° 4: 5-trimethorypent-l-ene (2-45 g., 90%), b. p 
90° 50 mm., #7 11-4220 (Pound: C, 50-6; H, 10-3. C,H,,.0, requires C, 60-0; H, 10-1%) 


(ii) Hydrolysis and methylation of 3: 4: 5-triacetoxypent-l-ene (Evans and Owen, loc. cit.; Raphael, 
loc. eit.) (20 g.) under the same conditions as those used for the triacetoxypentyne gave the trimethoxy- 
pentene (57 g., 44%), b. p. 93°/65 mm., #f 1.4250. 


1:2: 3-Trimethorypentane was obtained by hydrogenation of the ethylenic compound (14 g.) in 
ethy! acetate in the presence of 10% palladium-charcoal (200 mg.). It was a colourless liquid, b. p. ca. 
90° 50 mm., nF 11-4148 (Found: C, 50-0, H, 114. C,H,,0, requires C, 50-25; H, 11-2%) 


Ozonolysis of 3: 4: 5&-Trimethoxypent-l-enc.—A stream of ozonised oxygen was omy through a 
solution of the Laney sy Say (1-0 g.) in dry ethyl acetate (5 c.c.), cooled in ice fter 45 minutes, 
free ozone was present in the issuing gases. Formaldehyde was precipitated from the wash-water as its 
dimedone derivative (210 mg.), m. p. 189-190" 


Raney nickel (1 g.) was added to the ethyl acetate solution, which was then shaken with hydrogen 
until no more was taken up. Filtration and evaporation gave a colourless liquid with a pungent odour 
Addition of a solution of 2: 4-dinitrophenylhydrazine (1-2 g.) in methanol contaiming sulphuric acid 
(2 g.), and dilution with water, gave a red viscous gum (1-6 g.), which was extracted with ethyl acetate 
phenyth y on Por. with benzene as developing solvent, separated formaldehyde 2 4-dinitro- 

henyihydranone ee 5 s) = . and mixed m. p. 163°, and 2:3. 4-trumethoxrybutanal 2 : 4-dinitrophenyl- 
eet). we ised from ethanol in pale =e needles, m. p. 106-108" (Found: C, 
aera a 55; N, en ” WOM, coqeions C. 45-6; H, 53; N, 164%) 
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Addition of Bromine to 3 4. S-T rimethorypent.l-ene.~—- Addition of bromine (32 <.) to the trimethoxy- 
pentene (31 ¢ ) in carbon tetrachloride couled to ca. — 20° in carbon dioxute-ethancl in the usua) manner 
ve crude | 2-dibrome-3 4° 5-trimethony tane (30 g.. 62%), which distilled over the range #0— 
Too 06 mm. had «t 1 45001-40465, and left an involatile residue (11 ¢ A considerable amount ot 
hydrogen bromide was formed in the reaction, and no pure dibromude could be isolated 


1: 2-Bisacetyithio-3 . 4 S-trimethonypentane.—The crude dibromade (35 g.), potassium thiolacetate 
31 ¢.), and thiolacetic acid (0-5 ¢.c.) in ethanol (200 ¢.< ) were allowed to react in the standard manner 
for S hours. Ether (200 ¢.c.) was added to the cooled solution, potasmum bromude was filtered off and 
washed with ether, and the filtrate was concentrated Extraction of the residual! oil with ether, washing 
with water, drying (Na,50O,), and evaporation of the ethereal solution, followed by distillation, afforded 
1. 2-Atsacetyithio-3 | 4. S-trimethonypentanc, as an orange liquid (22 g., 58%), b. p. 99-—97T°/0-0001 mm 
off 1.5045 (Pound: §, 20-7. C,,H,,O,S, requires 5, 20-7%,). Light absorption: max. 2280, 2370 4 
e- 7 

3 4: 5-Tremethorypentane-1  2-dithiol.— The bisthiolacetate (13 ¢ ) was dissolved in dry methanol 
# « «.), and the solution, wader nitrogen, was cooled in carbon dioxule-ethanol. Methanolic barium 
methounde (65 « « 1-és.) was run in, with sterring, and the solution was allowed to warm to (0° during 
2 hours A stream of carbon dioxide passed for | hour through the solution, again cooled in carbon 
dionide-ethanol, precipitated barium carbonate Addition of ether (100 ¢« removal and washing ot 
the precipitate, evaporation of the filtrate, and finally extraction with fresh ether gave a clear yellow 
solution Removal! of the ether and distillation gave 3) 4 5-trimethorypentane-| - 2-dithiol as a yellow 
mobile liquid (7-2 g., 76%) b. p. 75° 0-0001 mm., «Ff 1-60920 (Pound C_ 426; H, $0; S, 27-6; thiol-S 
273. C,H,,0,S, requires C, 42:5; H, 80; 5, 28-39%, 


Absorption spectra (in ethanol) were kindly determmed by Dr. FE lraude The authors thank 
the Medical Research Council for a grant (to L. W. Cc. M 
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§73. Dithiols. Part 1X. Syntheses with the iso Pro pylide ne and 
Benzylidene Derivatives of 2 : 3-Dimercaptopropanol. 


By I C. Mires and L. N. Owen 
Bee Tetra-acety! 82 3 props idenedithiopropy!)glucosde has been sy esse! 
luction 
2 S-teepropyliidenedithwpropanol with sadiam and ethanol in hquid ammonia results in th 
femon of only one C-S bond, ¢t give probably 3-mercapteo-2-is propyithropropan 
2. 3-Benzylidenedithwpropy! bromute ? prepared it 
squeousalkal and with alkoxsles it readily undergoes climinat 


wimally with alcohols in the presence of si 


by reaction of 2 Sasepropyiidenedithwpropanel with acetobromogiucose Re 


2 B-benzylidenedithiopropenc, though i 


oxide to give ethers Attempts to prepare the toluene-p-sulphony! and methanesu phony 
esters of 2 3 prop ith ar I ylidenedithw-propanol, by the use of the 
ule in pyridine give only . nd pyridin i derivatives 2 : 3-Benzyl 


pan has : two moxdif n h are regarded as and 


Tun ready availability of 2: 3-dimercaptopropanol (BAL) makes it an attractive potential 
starting maternal for the synthesis of other dithiol vut with the exception of certain acylation 
reactions, which can be carried o to affect ly the hydroxy! group (Pavlic, Lazier, and 
Signa | Org Chem, 1049, 14, & the high r tivit ot the thiol groups necessitates their 
protection if it lesired to prepare O-dervatives 

Stocken (/ 1947, 502) described the prey 
idene, and lohexylidene compounds (1 which were all low-melting solids, very stable to 


aration of the ethyhdene, benzylidene, tsopropy|- 
hydrolysis trowenoly sts of the ‘nzviidene derivative, however, could be accomplished with 
«xiium an it Loeqt id ammon hereby being regenerated 

2: d-asoh’ hdenedithipropane| was first chosen for the present investigation It 
reacted very “wily with acetobrome . i benzene solution when stirred with silver 
carbonate : . distillatoon of the svrup thus obtained gave 2:3: 4: 6-tetra-acety! 


2 : 3-ssops 


pv lidenedithio pyle side (ITl) as a glass, from which a small amount of 
crystalline maternal! was o inex ” t from such a reaction is likely to be a mixture of 


stereatsomers, since, in mn the possible formation of some a- as well as the §-glucoside, 
the presence of an asymmetne centre at C, m the #-propyl group introduces further complica- 
tions. When the same reaction was carned out with silver oxide in the place of the carbonate, a 
mixture of (111) and 2: 3-:sopropylidenedithiopropy! acetate ([V) was obtained; this provides 
an interesting example of alooholysis The sodium derivative of 2: 3-ssopropylidenedithio- 
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propanol, prepared by the use of naphthylsodium (Scott, Walker, and Hansiey, /. Amer. Chem. 
Soc., 1936, 58, 2442; Stevens and Deans, Canadian J]. Res, 1939, 17, B, 200), gave with aceto- 
bromoglucose only (1V), acetolysis now being predominant 

At this stage, it was found that BAL was not regenerated from 2 : 3-:sopropylidenedithio- 
propanol by reduction with sodium and ethanol in liquid ammonia, only one of the S~C links 
being broken under these conditions. The product contained one free thiol group, and can be 
formulated as (V) or (V1), of which the former, 3-mercapto-2-isopropyithiopropanol, is the more 
probable; with acetone and with benzaldehyde, liquid isopropylidene and benzylidene 
derivatives were formed, and it gave a solid bis-a-naphthylurethane, but no definite proof of its 
structure has been obtained. 

The complete reduction of 2: 3-benzylidenedithiopropanc! under the above conditions 
(Stocken, loc. cit.), however, was confirmed, and experiments directed towards the use of this 
derivative were therefore undertaken. A more reactive compound was obtained by its 
conversion into 2: 3-benzylidenedithiopropy! bromide (VII) by reaction with phosphorus 
tribromide in carbon tetrachloride or ether. The crude product, m. p. 65°, was obtained in 
very good yield, but repeated recrystallisation raised the melting point to $1", and a low yield 
of the final product was obtained. Alkaline hydrolysis in aqueous dioxan was very fast, and 
similar to that for the first stage of the hydrolysis of mustard gas (Bartlett and Swain, /. Amer 
Chem. Soc., 1949, 71, 1406); the product was found to be pure 2 : 3-benzylidenedithiopropanol 
(VIII) which, however, had m. p. 90°, whereas Stocken (/oc. cit.) recorded m. p. 77° for the 
compound obtained by the condensation of 2: 3-dimercaptopropanol with benzaldehyde 
Re-investigation of the latter reaction showed that it gave a mixture of isomers, m. p. (after one 
recrystallisation from benzene—light petroleum) 68—71°, from which the less soluble form, m. p 
88—89°, was isolated by chromatography on alumina and repeated recrystallisation. This 
isomer is not identical with the material, m. p. 90°, obtained from the bromide, and the two 
forms are presumably the geometrical isomerides (Villa) and (VIIIb). The only previous 
record of the isolation of a cyclic acetal in two stereoisomeric modifications is apparently of 
1 : 3-benzvlideneglycerol (Verkade and van Roon, Rec. Trav. chim., 1942, 61, 831; cf. Davies, 
Heilbron, and Jones, /., 1934, 1232) 


CHyOA 
CH,—CH-CH,R | 


é & wi HyCH—CH, 


CH,-CH-CH,OH 
> S CMe, 
(Il, R » OH 
CRR’ UV: Rom OA 
I (XH; Re Cl 


CH,(SH)-CH(SPr’)-CH,-OH CH,—CH-CH,R Hu 


CH,OH 
(v.) s s 


CHPh s S 


CH,(SPr9-CH(SH)-CH,-OH x “hy H im 
(VI = Ch) (Vitla.) (VIII 


OTs 
) ona, 
CH,—C:CH, CH,-CH-O-CH CHPh CH,y-CHCHyN 
s s s s H,* $ s 
CHPh CHPh CMe, 
(IX. (Xx (XIV) 


CH,—-CH-CH,O-CH, CH-—-CH, CH,—CHR CH,-CH, 


Ss Ss Ss s 5 5 5 > 


a, 
CMe, CMe, co CN-NHPh 
(XV) (XVI: Ro» CHO) (XVIIL) 
(XVI; Re H 


2 : 3-Benzylidenedithiopropy! bromide reacted readily with sodium methoxide in methanol 
and gave a mixture, from which 2 ; 3-benzylidenedithiopropene (IX) was separated, showing 
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that some intramolecular loss of hydrogen bromide had occurred. The same compound was 
obtained by reaction of the bromide with the sodium derivative of 1 : 3-dimethoxypropan-2-ol 
in excess of the alcohol or in benzene, in which the sodium salt was surprisingly soluble. In 
each case the methylenic product was formed at room temperature, and in high yield; origmally 
obtained as a mobile liquid, it crystallmed after redistillation and was stable at 0°, but it quickly 
liquefied and darkened when left at room temperature. The structure assigned is in accordance 
with the light absorption (max. 2280, 2360 4.; ¢ « 10,000) and with the results of ozonolysis 
which gave benzaldehyde, hydrogen sulphide, and a smal! quantity of formaldehyde. Treatment 
of (IX) with mercuric chloride in methanol brought about ring-fission and precipitated a mercuri- 
chloride complex, but decomposition of the latter with hydrogen sulphide gave no recognisable 
product. Analogous oxygen compounds, of proved structure, have been obtained by heating 
cyclic acetals of glycerol a-chiorohydrin with potassium hydroxide (Fischer, Baer, and Feidmann, 
Ber , 1930, 68, 1732; cf. Davies and Oxford, /., 1931, 224) 

Under milder conditions, namely, stirring with silver oxide in dry methanol, 2 : 3-benzyl- 
idenedithiopropy! bromide gave 2: 3-benzylidenedithiopropy!l methy! ether (X); sumilarty, 
with silver oxide and |: 3-benzylideneglycerol in benzene, a liquid was obtained which was 
probably 1: 3-benzylidenedioxyprop-2-y! 2: 3-benzylidenedithiopropy! ether (XI) since it 
appeared to be identical with the product formed by the condensation of benzaldehyde and 
1: 3-dibydroxyprop-2-y! 2: 3-dimercaptopropy! ether (Evans and Owen, ]., 1949, 244). The 
bromide also reacted normally with potassium thiolacetate mn ethanol, to give 2: 3-benzylidenedi- 
thiopropy! thiolacetate (see Part X, following paper) 

Attention was also directed to the preparation of toluene-p-sulphonyl and methanesulphonyl 
esters of 2) 3-ssopropylidenedithio- and 2» 3-benzylidenedithio-propanol, since such derivatives 
might provide other routes to the ethers. Under the standard conditions (cf. Tipson, J. Org 
Chem, 1044, 9, 235), treatment with toluene-p-sulphony! or methanesulphony! chloride in cold 
pyridine gave no sulphony!l esters, but the corresponding chlorides (XII) and (XIII) were 
obtained in good yield; no significant amount of pyridine hydrochloride separated at any stage 
in the reaction. From the water-soluble fraction of the product from the reaction of 2 : 3-iso- 
propy lidenedithiopropanol and toluene-p-sulphony! chlonde, a small quantity of 2 : 3-:sopropy!- 
idenedithiopropylpyridinium toluene-p-sulphonate (XIV) was obtained. Tipson (loc. cit.) has 
pomted out that chlorides and pyridinium compounds are both formed from toluene-p- 
sulphonates, and may result if the conditions of the toluene-p-sulphonation are not sufficiently 
mild. In the present instance, it appears that the desired sulphony! esters are so reactive that 
the secondary transformations occur extremely readily; this, perhaps, is not surprising in view 
of the high reactivity of the bromide (VII) and of other substituted sulphides (cf. Baddeley, /., 
1950, 663 The appearance of only a small amount of pyridine hydrochloride during the 
reactions also indicates that the sulphony! esters have only a transitory existence. Attempts to 
obtain them by other methods (¢g, that of Hahn and Walter, Ber, 1921, 54, 1531) proved 
equally unsuccessful The reaction of 2: 3-:sepropylidenedithiopropanol with toluene-p 
sulphony! chloride in an aqueous acetone solution of sodium hydroxide gave only di-(2 : 3-ise 
propylidenedithiopropy!) ether (XV); this again is a secondary product, probably formed via 
the toluene-p-sulphonate 

In view of the resistance towards hydrolysis shown by the cyclic acetals of 2 : 3-dimercapto- 
propanol, the synthesis of the corresponding cycle dithiolcarbonate (XVI) was considered, in 
the hope that regeneration from such a derivative would be more readily achieved. However, 
treatment of 2° 3-dimercaptopropanol with ethyl! chloroformate and with carbonyl! chloride 
ef. Haworth ef al, J., 1924, 125, 1223; 1926, 1751; 1929, 2796) gave complex polymeric 
products. Busch and Lingenbrink (/. fr CAem., 1854, 61, 337) recorded the formation of the 
eyelic dithtolcarbonate (AVI) by hydrolysis of the phenylhydrazone (XVIII), which they 
prepared from ethylene dibromide and the phenylhydrazone of potassium dithiolcarbonate 
Usng the more accessible ammonium dithiolcarbonate (Heller and Bauer, sid., 1855, 65, 382), 
however, we failed to effect a similar reaction with 2 : 3-dibromopropanol in ethanol at 100°, the 
only result being the hydrolysis and rearrangement of the dithiolcarbonate, ]-phenyl- and 
1. é-dipheny!-thiosermearhbazide being obtained 


EXPERIMENTA! 

2.3.4. 6 Tetre-ccetyi 8-(2) Diusolvepylidenedtthiopropy! glucoside a b- Acetobromoglucose 
11Sg jand 2 D-csopropylidenedithiopropanol (6g. 15%, excess) were dissolved in dry benzene (150 c.c.) 
silver cartemate (9 g ). anbydrows calcium sulphate (10 g.), and todine (2 g.) were added The suspension 
was stirred for 4 days, and the reaction was completed by bowling under reflux for 24 hours. The filtered 
solution was washed with aqueous sodium thiosulphate, then with water, and dned (CaCl,). Evaporation 
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gave a syrup. from which crystals of 2 . 3-ssepropylidenedith d. Short-path distil- 
lation separated further excess of this compound, b. p. 75° (bath) vem mm., from the required 
2:3: 4: 6-tetra-acetyl 8-(2 : S-isopropylsdenedsthsopropyl\giucomde (7-9 g.), b. p. 170180 (bath) /0-0001 
mm, which was obtained as a pale straw-coloured glass (Found : C, 48-3, H,@2; Ac, 40-8. 

requires C, 48-6; H. 61; Ac, 41-6%). Careful addition of water to a solution of 4 portion « 

in acetic acid, and storage at 0” for several weeks, resulted in partial crystallisation. Rec 

from rw petroleum, then from ethyl acetate, gave one isomer, m. p. 122° (corr) (Found: 5, 
Cyl gg reSg TeQuires 5S, 13-00%) 

(ti) eD-Acetobromoglucose (7-5 g.) and 2 © 3-is0pr dith i (10 g.) were dissolwed in 
dry benzene (0 c.c.), silver oxide (10 g.) and cohpiosebuphduns aubbhae (10 g.) were added, and the 
suspension was shaken in a stoppered bottle for 5 weeks. Filtration, evaporation, and distillation gave 
2. Sisopropyiidemediths yl acetate (3-6 g.), b. p. 65°/0-01 mm., w]f 1-5190 (Pound: C, 465; H, 70 
C,H,,0,5, requires C, H, 6-8%,), and the required higher-boiling tetra-acetate (4-5 g.). again as a 
glass. Catalytic 7 tet tom of the former, by treatment in methanol with « trace of sodium, gave 
2. 3-ssopropylidenedithepropanol, m. p. and mixed m. p. 52 


(iti) Sodium (2 g.) was added in small pieces to a solution of naphthalene (4 g.) in the cyclic formal of 
ethylene glycol (nordioxan) (20¢.c.). After bemg stirred for 24 hours, titration of a portion of the solution 
with sulphuric acid showed that 1-5 g. of sodium had reacted. The excess of sodium was removed, and 
the dark red solution was cooled im a carbon dioxide-ethanol bath. The addition of a solution of 
2° S-tsepropylidenedithiopropanol (5 g.) in ae (5 ¢.c.) gave a pale-yellow solution, which gave no 
reaction for free thiol with aqueous sodium poo @-b- Ac jucose (12 g.) im the same 
solvent (25 c.c.} was then added dropwise, 4 timous precipitate being med immediately. The 
solution was allowed to warm to room a ree te and was set aside for 24 hours. It was then diluted 
with water (150 cc.) and extracted with chloroform. Titration of a portion of the neutralised aqueous 
solution with silver nitrate showed that 80°, of the bromine had been converted into bromide ion. The 
chloroform extract was dried (Na,SO,) and evaporated, and distillation of the residue gave 2 : 3-4s0- 
propylidenedithiopropy! acetate (63 g.), b. p. 60° /0-001 mm., mj? 1-5250 


3-Mercapto-2-isopropyithiopropanol._-To a solution of 2. 3- Ne Va eg oe: (10 g.) in 
liquid ammonia (200 ¢.c.), ethanol (1 c.c.) and small pieces of sodium (10 g.) were added, with stirring. A 
dark-biue solution was thus obtained, and after 1 hour the excess of sod was decomposed by the 
addition of solid ammonium chloride, and the ammonia was allowed to evaporate. The resiiue was 
dissolved in water, and acidified with hydrochloric acid. Extraction with ether and evaporation of the 
dried (Na,SO,) extract gave a pale yellow oil (8&5 g.) (Found: thiol-S, 180%). Distillation gave 
(probably) 3-mercapto-2 2 gw. ye (7-6 g., 75%), b. p. 75°/0-5 mm., aff 16286 (Pound: C, 
43-1; H,& 5, thiol-S, 193. C,H,,OS, requires C, 43-3; H, 85; thiol-S, 19-3%). 


The hydroxy-thiol (1-75 g.) was dissolved in benzene, benzaldehyde (1:25 g.) was added, and hydrogen 
chloride was passed in for | minute. An exothermic reaction took place, and water was formed. 
Washing with aqueous potassium carbonate, then with water, removal of the benzene, and distillation of 
the residue gave the henzylideme derivative (2-1 g.), b. p. 125°/0-5 mm., »F 1-6765 (Found: C, 61-4; H, 
7-2; S, 25-3 Cash sof 1S, requires C, 61-4; H, 7-1; 5S, 252%). Similarly, the isopropylidene derivative, 
b. p. 80°/1 mm., «ff 1 5134, was obtained (Found: C, 52:3; H, 90. C,H,,OS, requires C, 524; H, 
§-8%) 

A solution of the hydroxy-thiol (0-3 g.) and e-naphthy! tsocyanate (0-6 g.) in light petroleum containing 
a trace of diethylaniline was kept at 80° for 2 hours. The bis-a-maphthylurcthane (0-7 g.) was thus 
obtained, m. p. 145°, after recrystallisation from chloroform-light petroleum (Found: C, 66-4; H, 5-7 
Cag, OLS, requires C, 66-6; H, 56%). 


2 3-Benzylidenedithiopropyl Bromide.—2 : 3-Benzylidenedithiopropanol (20 g.) was suspended in 
dry ether (100 ¢.c.), and phosphorus tribromide (10 g.) was added dropwise during | hour, the temperature 
being kept below 0 After 12 hours at room temperature, the clear ethereal solution was decanted from 
the lower layer of phosphorus acids and was washed with aqueous sodium hydrogen carbonate. Evapor 
ation of the dried (Na,50,) solution and —— of the residue from hot ethanol gave 2 : 3-benry! 
tdenedithiopropyl bromide (mixed isomers), m P * (22 g., 85%). Repeated recrystallisation from 
ethanol-ether raised the m. p. to 81° (Found . C, ane 8; H, 42; S, 23-3; Br, 296 C,H, ,5, Br requires 
C, 43-6; H, 40; S, 23-3; Br, 29-0%) 


cis- and trans-Isomers of 2 : 3-Benzylidenedsthhopropanol.—2 . 3-Benzylidenedithiopropy! bromide, 
m. p. 81° (0-662 g.), was accurately weighed into a 500-c.c. graduated flask and dissolved in dioxan 
200 c.c.) freshly distilled from sodium. 0-I1n-Sodium hydroxide (200 c.« ) was added, and the solution 
was quickly made up to the mark with dioxan and well mixed. After 10 minutes at 20°, 100 ¢.c. were 
removed and titrated against 0-1073n-hydrochloric acid, using screened methy!-red indicator, a blank 
determination, without the bromide, being done in the same way. The alkali consumed was equivalent 
to 40 c.c of the acid. After 20 minutes, the determination was repeated, with identical results, which 
correspond to complete hydrolysis, with a rate constant of at least 6-5, assuming the reaction to be of the 
first order 

Dilution of the acidified solution and extraction with chloroform (25 ¢.c.) gave a solid (0-3 g.), m. p 
88°. One recrystallisation from benzene raised the m. p. to a constant value of 90". The hydrolysis 
was repeated in more concentrated solution (0-6 g.in L5c.c. of dioxan and 10 c.c. of 2N-sodium hydroxide) 
and the same uct = .) was obtained. K sation from a? light petroleum gave 
re . , of one isomer of 2: anol (Found: C, 546-65: H 

5-7; S, 29-9%; Ta CyeH,,05, requires C, 56-6; H, 5-7; $, 30-2%; 


Bede Bh of 2 : 3-dimercaptopropanol and benzaldehyde in benzene, and one recrystallisation 
of the product from benzene-—light petroleum (b. p. 60-—80") gave a product of mp. 68—71°. Chromato- 
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graphy of this material (5 ¢.) om alumuna, with benzene as cleent, gave © 2 g of a more firmly-held 
fraction, mp. 72-78 (after ome recrystalliaation Re-<hromatography of this gave a fraction (70 5 , 
m. p 75-—8 Keerystallisatoon (5 times) then raised the m. p. to a constant value of 88—89". This 
pure isomeric 2 S-benrylidenedithiopropand crystallised in clusters of flat needles (Found: C, 567. H 


+8, 5S, 26. CN OS, requires C466, H. 57, 5. IZM The mixed m. p. of the two isomers 
was 672 


2: 3-Benrylidenedithhopropene.—(i) A solution of 2: 3-benzylidenedithiopropy! bromide (6 g.) and 
wodvem (1 gj am dry methanol (10 ¢ c.) was heated under refiux for Jhours. The cooled solution was made 
newtral to Congo-red with hydrochioric acid, diluted with water, and extracted with ether. The extract 
was dred (CaO, and the ether was removed by distillatwn The residual liquid (4-4 g.) on distillztion 
appeared to conmst of a mixture of two compounds of closely similar boihng pownts) Careful fractionation 
separated some of the lower-bowling constituent. 20 3-henry/ideneduhsopr: . b&b p. 90°/0-01 mm., «PF 
i . which was probably the major product (Found 5, 326. C,H, S, requires S, 33-0%,). Light 
abeorption. max. 2280, 2360 4.. ¢ « 10,000 and 10,000. The colourless mobile liquid soon became 
dark red and viscous 


(4) 1: 3-Dimethoxypropan-2-ol (2-6 g.) was dissolved in liquid ammoma () ¢.c.), and sodium (0-5 g ) 
was added in small preces. After 30 minutes, a clear colourless solution was obtained, and the ammonia 
was allowed to evaporate. The white solid thus obtained was dissolved in dry benzene (20 c.c.) and a 
solution of 2) 3-bengyhidenedithiopropy! bromide (5-5 g.) in benzene (15 c.c.) was added. A precipitate 
was soon formed, and after 2 days at room temperature the sodium bromide (2-1 g., 95%) was collected by 
Gitratwn. Kemoval of the benzene and short-path distillation at 60° (bath) 0-000] mm. gave unchanged 
} 3-dimethoxypropan-2-ol (2-2 g , 85%), collected in the liquid-air trap and subsequently re-distilled 
b. p. 167° /768 mm, wf? 146230), and 2. 3-benzylidenedithiopropene (2-1 ¢.. 54%), which crystallised 
a and formed white needles, m. p. 52°. when recrystallised from hght petroleum (b. p. 40--60° 

ound €,623 H,&2. Cal. forC,H,S, C,61-86, H.51%). It showed the same hight absorption as 
the liquid described above (max. 2280, 2360 4.; ¢ = 10,000 and 10,000 in ethanol, 11,000 and 13,000 
in hexane A polymeric residue was left in the retort 


Oromitahon A slow stream of ozonised oxygen was passed through a solution of 2. 3-benzylidene- 
dithiopropene (1 g.) in ethyl acetate (5 ¢ « cooled in ice, for 1-5 hours, the exit gases being passed 
through water. the presence of formaldehyde in these washings was shown by formation of the dimedone 
derivative (40 mg), m p. ise The ethy! acetate solution was concentrated and the residue was 
decomposed with sine dust and water, hydrogen sulphide being evolved. Steam-distillation, ether- 
extraction of the distillate, and addition of the soleet to 2 4-dinitrophenylhydrazine sulphate in 
methanol gave benzaldehyde 2 4 dinitrephenythyaven: me (0-65 ¢.}, m. p. and mixed m. p. 140 


2: B-Heneylidenedithiopropy! Methyl Ether.—-2  3-Benzylidenedithiopropy! bromide (5 g.) was 
dissolved in dry methanol (40 « and silver oxide (5g } wasadded. After 4 days at room temperature, 
with occasional stirring, the silver salts were removed by filtration, and the filtrate was concentrated. 
Lhetillation of the residue gave 2) 3-benryitdenedithiopropyl methyl ether (1-8 g.), a colourless liquid, b. p 
1” 0-000) mm., wf 1.5000 (Found 5,282. C,,H,,OS, requires 5, 283% 

1 3 Benrylidenedioayprop ! 2: 3-Bemrylidenediihnepropyl Ether i) 1 3-Dihydroxyprop-2-y!l 
2 S-dimercaptepropy! ether (0-5 g.) (Evans and Owen, loc. cit.) was dissolved in benzene (3 c.c.); benz- 
aldehyde (0-55 yg) was added and hydrogen chloride was passed through for 1 minute After being 
washed with water and dried (Na,5O,). the benzene solution was concentrated. Distillation of the 
residue gave | S-temrylidenediosyprop-2-y! 2 B-bensylidemedithiopropyl ether as a colourless viscous 
quid, b p. 130 140° (bath) ©0001 mm., »j? 16041 (Pound: S$. 17-4. C,.H,,O,S, requires S, 17-1%, 


ih) 2° 3-Renzeyhdenedithiopropy! bromide © 2 ¢ and 1° 3-benzylideneglycerol (0-15 g.) were 
dissolved mm dry bengene (8 c\ miver oxide (0-5 ¢.) was added. and the solution was heated under 
reflux for 12 hours. Filtration and evaporation of the filtrate, followed by micro-distillation at 0-0001 
mim.. gave a viscous, pale-yellow liquid, »ff 1-6020 

2 Sisal vopyiidenedtthsopropfy! Chloride Toluene-p-sulphony! chloride (7-4 g.) was added to a 
solution of 2° 3-csepropylidenedithiopropanel (6 g.) in dry pyridine (30 c.c.) cooled in ice-salt. Only a 
trace of pyridine salt crystallised out After 4 hours at U, the solution was diluted with ice-water and 
extracted with chloroform the product was an oi), distillation of which gave pure 2» 3-1sopropylidenedi- 
thiopropy! chloride (3-5 g , 52%), b. p. 546°/0-1 mm., wf? 15535 (Found: C, 400, H, @1. Calc. for 
C,H, Sci: C305, H.G0%) Stocken |]. 1967, 502) reported b. p. 80°07 mm. When the chloride 


I 
was boiled with 2n-exdium hydroxide for 2 minutes, 2° S-isepropylidenedithiopropanol, m. p. and 


mixed mp 42°, was obtained 

Further extraction of the diluted reaction mixture with chloroform gave a crystalline solid (0-15 g.) 
Reerystailisation from aqueous dioxan (80°) gave plates of 2 3-isopropylidencduhiopropyl pyridinium 
iimene-p , yz mp. 133--136°, soluble in water, alcohol, ether, or benzene, but insoluble in hight 
petroleum (Found C, 530. H. 56. C,,H,O,NS, requires C, 544. H, 58%, 
solution gave a white precipitate when aqueous mercurk chloride was added 


The aqueous-dioxan 


3. Hensvisedemedsiavopropyl C hlowide Methanesulphony! chioride (7-5 g.) was added portion -wise 
with frequent shaking, to a solution of 2. 3-benzylidenedithmpropanc!, m. p. 71° (10 g.), in dry pyridine 
@) ¢.¢.) cooled im ice-salt After 6 hours, ice- water (60 was added in portions, and the pene ipitated 
solid (0 g.. 84°). m p. 60°. was collected by Altration Recrystallisation trom ethanol gave 2 . 3-benzy!l- 
fenedithpropy! chiende (4 ¢ mp. and mixed m with authentic material (Stocken, loc. est.) 
771 
De-(2 Sasoprepylidenedithvepropy!) Lthe To a &© ‘ 3-ssepro: 
3g.) im acetone (2 10°, aqueous sadiom hydroxide (2 led ; 


»vhidenedithiopropanol 
he mixture was cooled 
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im an sce-salt bath. and a solution of tolucne- iphony! chionde ise } in acetone was added dropwise 
with vigorous stirring. Stirring was contin overnight, and the solid (1-2 g.) was collected by filtration 
and washed with water. Recrystallisation from ethanol gave d:-(2 | 3-isopropylidenedithiopropy!) ether, 
m. p. 79° (Found: C. 460, H, 70. C,,H,,OS, requires C, 46-4; H.7-1%). Dilution with water of the 
hquid portion of the reaction mixture gave a further quantity (1 g.) of less pure material 


Attempted Preparation of Cyclic Ditholcarbonates.—(i) A mixture of 2. 3-dimercaptopropanol (5 g.) 
and ethy! chloroformate (4-5 g.) was cooled in ice~salt, and 10% aqueous sodium hydroxide (40 cc.) was 
run in dropwise with vigorous stirring, im nitrogen. After 2 hours the mixture was extracted with 
chloroform. The extract was washed with dilute sodium hydroxide solution, then with water, and 
dried (Na,SO Removal of the solvent left an evil-smelling of! (1-2 g.), from which no crystalline 
material could be obtained by reaction with e-naphthy! isecyanate. The oi! distilled over the range 
74-—140°/1 mm., and the distillate was not homogeneous (sf 1-5170-—1-5300). Acidification of the 
alkaline solution and further extraction gave polymeric material which gave a positive test for free thiol 
groups. 


ii) 2: 3-Dimercaptopropanol (10 g.) was dissolved in pyridime (20 c.c.), and carbon tetrachloride 
(3) cc.) was added. The solution was cooled in ice, and carbony! chioride was passed in with v as 
stirring. After 40 minutes the solution was diluted with ice-water, and excess of sodium alana 
carbonate was added. The carbon tetrachloride layer was separated and washed with 2n-sodiom 
hydroxide, water, n-hydrochloric acid, and finally with water. The dried (Na,SO,) solution was 
concentrated under reduced pressure, and a dark brown ot! (3 g.) obtained, which rapidly decomposed on 
storage 


iii) 2: 3-Dimercaptopropanol (5 g.) was dissolved in dry benzene (50 ¢.c.), potassium carbonate 
10 g.) was added, the solution was cooled in ice-salt, and carbonyl! chloride was passed in for 15 minutes 
The solution was stirred for 5 hours, and then filtered into 2~x-sodium hydroxide solution. The benzene 
layer was ted and washed successively with dilute alkali, water, acid, and sodiom hydrogen 
carbonate solution. Removal of the solvent from the dried (Na,SO,) solution gave a colourless oil 
(4-5 g.) which decomposed on attempted distillation at 10°¢ mm. 


(iv) 2 Me nee (6 g.) and the phenylhydrazone of ammonium dithiolcarbonate (Heller 
and Bauer, loc. cit.) (6. g.) in ethanol (50 c.c.) were heated at 90° for 5 hours. On cooling, ammonium 
bromide (1 g ) crystallised. Dilution with water and extraction with ether gave an oi! (7-5 g.) which was 
triturated with benzene. The benzene-insoluble fraction (0-3 g_) crystallised from ethanol in plates, and 
was l-phenylthiosemicarbazide, m. p. 201° (Found: C, 50-5; H, 5-3; N, 263. Cale. for C,H,N,S: C, 
3; H, 54; N, 252%). From the benzene solution | : 4-diphenylthiosemicarbazide fo8 ge.) was 
obtained, m. p. (corr.) and mixed m. p. with an authentic specimen (Heller and Bauer, jee. cit.) 175°. 
When the ]-phenylthiosemicarbazide was warmed on the steam-bath for 2 minutes with excess of 
acetic anhydride it dissolved, and an acetyl derivative crystallised from the hot solution, m. (corr.) 
218° after recrystallisation from ethanol (Found: C, 51-9; H, 51. C,H,,ON,S requires C, 51-7; H, 
53%). Light absorption: max. 24604., E}S 1080. This solid was clearly not identical with the 
compound, m. p. 178—179°, prepared in very low yield by Dixon (/., 1889, 66, 963) by reaction of 


phenylhydrazine with acetyl tscthiocyanate, and considered by him to be 4-acetyl-1-phenylthiosemi- 
carbazide 


Absorption spectra were kindly determined by Dr. E. A. Braude. We thank the Medical Research 
Council for a mamtenance grant (to L. W. C. M.) 
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574. Dithiols. Part X. A Thio-analogue of BAL-Intrav. 


By L. W. C. Mices and L. N. Owen 


Derivatives of (2: 3-dimercaptopropy!)thioglucoside (" thio-BAL-Intray ") have been 
synthesised (1) by reaction of acetobromoglucose with propane-1 : 2 : 3-trithiol, prepared by an 
improved method, (1) by reaction of penta-acety! glucose with the trithiol, and (iii) by reaction 
of acetobromoglucose with the 1 | 2-benzylidene derivative of the trithiol. Method (11) has not 
previously been used for the synthesis of thioglucosides 


In Part | (Fraser, Owen, and Shaw, Biochem. ]., 1947, 41, 328), the O-glucoside (BAL-Intrav) 
of 2: 3-dimercaptopropanol (BAL) was described. The preparation of the corresponding 
thioglucoside appeared to be of interest, and an investigation has therefore been made of several 
possible routes to this compound. There are two general methods for the synthesis of thio- 
giucosides ; (i) the reaction of acetobromoglucose with the sodium or the silver salts of thiols, 
which gives 6-pyranosides, and (ii) the action of mercuric chloride on mercaptals of glucose, 
which gives a-furanosides (Schneider and Sepp, Ber, 1916, 49, 2054; Green and Pacsu, /. Amer. 
Chem. Soc., 1937, 58, 1025, 2569; Pacsu and Wilson, ibid., 1939, 61, 1450, 1930; Wolfrom, 
Waisbrot, Weisblat, and Thompson, ibid., 1944, 66, 2063). 
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For the preparation of the required thioglucoside, it was necessary to obtain propane- 
1:2: 3-trithiol, This compound, which had earlier been prepared by the action of metallic 
hydrogen sulphides on trichloro- or tribromo-propane (Carius, Annalen, 1862, 124, 236; 
Kheinboldt and Tetsch, Ber, 1937, 70. 675; Simpson, Canadian J. Res., 1947, 25, B, 20), was 
more conveniently made by the cleaner reaction of | 2: 3-tnbromopropane with potassium 


CHYOA CHYOAc H 


gg SCH yCHS Ac CHy Sc H 9 SCHyCH(SAc)CH,S 


“/ oa cs 


“u Ao tr H 
co H OA 
if 


CHyOR CHYOH 
SCH, CH-—CH, H 
5 5 


CH y-CH-CH,R 


0 o SCH yCH(SH)-CH,SH 


w 

on uw 

CHPh HO Tf H 

H OH 
(VIII) 


thiolacetate, and alkaline hydrolysm of the triacetate. Attempts to prepare the glucose 
mercaptal from this trithiol gave a liquid mixture from which no homogeneous maternal could be 
obtamed, but the monosodium derivative of the trithiol reacted readily with acetobromoglucose 
in methanol and gave, after complete acetylation, 2: 3: 4: 6-tetra-acetyl §-(2 : 3-bisacetylthio- 
propyliglucoside (I), which was separated from a small amount of 1 ; 3-bis-(2: 3: 4: 6-tetra- 
acetyl &-thioglucomdy!)-2-acetyithiopropane (II) by chromatography. Although the yield was 
good, (1) was probably a mixture of stereoisomers, since only a portion of it was obtained 
crystalline; the presence of the asymmetric centre at C.,. in the propyl group can evidently 
account for this 

Phenols are known to form glucosides by reaction with penta-acetyl glucose in the presence 
of catalysts such as toluene-p-sulphonic acid (Helferich and Schmitz-Hillebrecht, Ber., 1933, 
66. 378. Hudson ef al, |]. Amer. Chem. Soc, 1942, 64, 690, Coleman et al, Ind. Eng. Chem., 
1944, 36, 1040), and the more reactive $-penta-acety! fructose readily reacts with ethanethiol m 
the presence of zine chloride to give the §-fructoside (Wolfrom and Thompson, /. Amer. Chem 
See, 1934. 56, 880). the loss of one molecule of acetic acid cocurrme in each case It seemed 
possible therefore that under more vigorous conditions 8-penta-acetyl glucose would react with 
thiols. When 5-penta-acety! glucose was heated t# vacuo with a large excess of propane 
1 2° 3-trithiol in the presence of toluene-p-sulphonic acid complete condensation took place 
The excess of trithiol was removed by distillation, the last traces by co-<distillation with 
trimethylene glycol diacetate, and the product, presumably 2: 3: 4: 6-tetra-acety! (2: 3-di 
mercaptopropyl)thioghucoside, was acetylated to give the crude hexa-acety! derivative (1), which 
was purified to some extent by short-path distillation in small quantity, and by chromatography 
but tailed to crystallice Deacetylation with cold methanolic bariwm methoxide (Fraser, Owen, 
and Shaw, joc. ef) gave a crude bariam salt of the dithiol 

A third route to the thioglucoside involved the use of 2. 3-benzylidenedithiopropy! bromide 
Til} (Part LX, preceding paper), which reacted readily with potassium thiolacetate in ethanol, 
to give 2° 3-benzylidenedithiopropy! thiolacetate (TV deacetylation of the latter by heating 
it with methanolic hydrogen chloride gave 2: 3-benzylidenedithiopropanethiol (V) The 
«xtium salt of (V) condensed readi!y with acetobromoglucose in methanol at room temperature 
and reacetylation of the product gave crystalline 2: 3: 4: 6-tetra-acetyl 6-(2 : 3-benzylidenedi 
thiopropy!)thioglucoside (VI) in good vield. Catalytic deacetylation with a trace of sodium in 
methanol then gave the thioglucoside (VII) as a glass 

Keduction of (2: 3-benzylidenedithiopropy!)thioglucoside (VII) with sodium and liquid 
ammonia in the presence of ethanol (cf. Stocken, /., 1947, 592) proceeded in the desired 
direction, giving toluene and a viscous ethanol-soluble syrup; there was no ether-soluble thiol 
in the products, indicating that the thioglucoside linkage had not been broken. Although the 
syrup must have been essentially the free thioglucoside (VIII), in view of its hygroscopic nature 
and susceptibility towards oxidation it was then acetvlated to give (I), the formation of which 
confirmed that (VIII) had actually been obtained 
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EXPERIMENTAL. 


Propane-1 2. 3-inithsel.—1 . 2: 3-Tribromopropane (92 \¥ (Org. Synth., Coll, Vol. I, p. 521) 
added to thiolacetic acd (83 ¢ ) and potassium hydroxide (6 g.) in ethanol (600 «.c.), and the solut 
was stirred and heated under reflux for 8 hours. Addition of ether (200 ¢.c.) to the cooled solu 
precipitated more potassium bromide, which was filtered off and washed with ether. The 

hitrate was extracted with ether, using first the ethereal washings. nag py was dned A 
evaporated to a red oil. Distillation gave wea bee & tea, (67 ) as an orange liqu 

14 0-5 mm., «fF 15563 (Found: C, 404; H, 52 4. CJHYO,S, requires C, 40-6; H, 5 
S, 36-1%). Light absorption max. 2320 a.. ¢ = 11,400 


Hydrolyss. (i) A solution of the triacetate (10 g.) in 2% methanol hydrogen chloride (60 cc.) wes 
heated under reflux for 3 hours. The solvent was removed distillation, and the residue was 
mto aqueous sodium hydrogen carbonate and extracted with ether. Drying and evaporation of the 
ethereal solution jeft a yellow mobile liquid (1 g.) (Found — thiol-S, oom) bulk of the hydrolysis 
xduct was insoluble in water and ether, and further extraction with chloroform gave @ viscous orange 
iquid (4 g.) (Found: thiol-S, 75%). These liquids were not further examined 


(ti) To a solution of the triacetate (8-4 g.) in methanol (70 c.c.) under nitrogen, cooled in an ice-salt 
bath, sodium hydroxide (7-7 g.) was added. the solution was then set aside at room temperature for 
24 hours, whereupon it set toa gel. Hydrochloric acid (20 c.c., d 1-19) was added, with external cooling, 
and the solution was poured into water (200 c.c.) and extracted with ether (200 cc.). The dried 
(Na,SO,) extract was evaporated and the residual oi! distilled gre -1: 2: 3-trithiol (ae 9 

was thus obtained as a mobile yellow liquid, b. p. 80°/2 mm., «Jf 1-6105 (Pound : thiol-S : 
for C,H,S, > thiol-S, 685%). Simpson (Canadian J. Res, 1947, 2.8 , 20) records b. p. 6 e4 mm 


2:3:4: 6-Tetra-acetyl B(2 : 3-Bisacetylinopropyl)\thiogiuconde.-To a solution of -h:2:3- 
trithiol (2-1 g.) in dry methanol (#0 c.c.), under nitrogen, sodium (0-32 g) was added’ followed by 
acetobromoglucose (5-8 g.), and the solution was left at room temperature for 3 days. After removal of 
the methanol under reduced pressure, the residual glass was heated on the steam-bath for 4 hours with 
acetic anhydride (30 g.} and anhydrous sodium acetate (5 ¢)}. The acetic acid and anhydride were 
removed at the water-pump, the residue was extracted with chloroform, and the extract was washed 
with water and dried (Na,SO,). Removal of the chloroform left an orange-red glass (7-8 ¢.). 


A portion (0-5 g.) in benzene (10 cc.) was transferred to a column of acid-washed magnesium silicate 
(30 g.) and developed with benzene, and then eluted with 500° | benzene-ethanol. A middle fraction 
3) mg.) readily crystallised, and was used to seed the main bulk of the crude product, which was 
triturated with ethanol. A sticky solid (1 g.) was thus obtained. Recrystallisation from hot acetone 
light petroleum (b. p. 40-60") gave 0-4 ¢.. m. p. 168-171 Further recrystallisation from pone 
gave pure | 3-bes-(2 3 4 6-tetra-acetyl B-thioglucosidyl)-2-acetylittopropanc, m Pp 174, ‘af ~—3is 
(¢, 1-7 in chloroform) (Found. C, 47-3, H, 57; 5,114. CyH,.O,,5, requires C, 47 H, 55; S$, 11-4%) 


A portion (10 g.) of the residual glass was rechromatographed. From the first two fractions, a 
crude solid (230 mg.), m. p. 100-106", was obtained. Recrystallisation from ethanol gave a purer 
material (170 mg.), m. p. 110-112 Further recrystallisation afforded pure Acxa-acetyl B-(2 : 3-d1- 
ay ats Propel thioghucontde m. p. 114-115", (a F 237° , 1-0 m chloroform) (Found [ 45-7, 

; Cy, HO, ,5, requires C 45-5; Hw 5-5, 8, 17-4%). Light absorption: max. 2330 ., 
e ma 


Condensation of Propane 1:2: 3-triel with B-Penta-acetyl Glucose. 8-Penta-acety! glucose (16 ¢ 
propane |: 2: 3-trithiol (20 ¢., 4 mols.) and toluene-p-sulphonic acid (0-2 g.) were heated on a steam-bath 
for 3 hours at 30 mm., with a slow stream of nitrogen passing through the liquid mixture. Excess of the 
trithiol was distilled off at 0-1 mm., the last traces being removed by co-distillatuion with two 10-g. portions 
of methylene glycol diacetate, b. p. 65°/0-0001 mm. To the orange viscous residue was added acetic 
anhydride (60 g.) and anhydrous sodium acetate (12 g.), and the solution was heated on the steam-bath 
for 4hours. Excess of acetic anhydride was removed on the water-pump, the residue was extracted with 
chloroform, and the extract wa with aqueous sodium hydrogen carbonate and then with water 
Drying (Na,SO,) and evaporation of the chloroform solution gave an orange-red glass (18-0 ¢.). Short- 
path distillation of a portion at 200° (bath) /0-0001 mm. gave crude 2:3: 4 | ow: acetyl (2 : 3-bis- 
acetylthiopropy!)thioglucoside as a straw-coloured glass (Found: 5S, 184. C,,H,,.O,,5, requires 5, 
17-4%) “ight absorption : max. 233804., « 8900, Chromatography on magnesium eli ate, waing 
100: 1 benzene-ether as the eluting solvent, removed the colour, but no crystalline material was 
obtained 


Deacetylation. The crude hexa-acety! thioglucoside (1 g.) was dissolved in dry methanol (15 ¢.c.) 
under nitrogen, and the solution was cooled in a carbon dioxide-ethanol bath. ws-Methanolic barium 
methoxide (5 c.c.) was added dropwise to the solution, with stirring. Ethanol (10 ¢.c.) was then added, 
and the cipitated solid was filtered off and washed with ethanol, then with ether, under a rapid 
stream of nitrogen. Drying in a vacuum desiccator (CaCl, then P,O,) gave the crude barium salt of 
2 : 3-dimercaptopropyithioglucoside (0-65 ¢, 95%) (Found: 5S, 182; Ba, 304; thiol-S, 1340. 
C,H,,0,5,Ba requires S, "20: Ba, 31-4; thiol-S, 14-6%,) 


2: 3-Benzylidenedithiopropancthiol.—2 . 3-Benzylidenedithiopropy! bromide (10 g.), potassium thiol. 
acetate (4-6 g.), and thiolacetic acid (0-5 c.c.) in ethanol (30 ¢.c.) were heated under ux for 1} hours 
The solution was cooled and diluted with ether, and the salts were removed by filtration whe oe 
was concentrated, and the residue was dissolved in ether and washed with water, dried (N 
concentrated, and the residual oil was distilled. 2 : 3-Bencylidenedithiopropyl thiolacetate (9 g , eat) ons was 
thus obtained as an id, b. p. 140° (bath) /0-0001 mm. i? 1-6990 (Found : S$, 36-0. C,.11,,08, 
requires S, 36-0°, , Leh jon: max. 2280 4.,¢ = BOO 
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The acetate (#4 g.) in 2% methanohe hydrogen chiorude (40 ¢ <_) was heated under reflux for 3 hours 
On cooling, 2 D-benrylidenedttinepropanctnl (6 ¢. 44%). m *), crystallised. Recrystallisation 
from ethanol-cther gave 6. m. p. 52° (Found 5S, 42-7 CH ade requires S, 42-1%,) 

B(2 . 3 Bensylidenedithsopropy!\inoginconde —To a solution of the 2 3-benzylidenedst hopropane- 
thiol (1-2 g.) in dry methane (10 ¢.c.), sodiam (0-12 g.) and acetobromoglucose (2-2 g.) were added. After 
3 days, the methanol was removed by distillation and the resniue was heated on the steam-bath for 
4 hours with acetic anhyiride (15 g.) and anhydrous sodiam acetate (2 ¢ The acetic acid and 
anhydride were removed under reduced pressure and the residue was extracted with chloroform. The 
extract was washed with exdiom hydrogen carbonate solution and then with water, dried, and 
concentrated. Digestion of the residue (3 g.) with methanol gave a crystalline solid (2-4 7. $1%,), m. p 
115-118" Keerystallisaton from methanol gave pure 2° 3 4: 6-tefra-acety! 22 S koneylidoneds- 
thiepropyl\thinglucoside, m. p. 121-—122", ‘af — 22-0" fc, 1-9in chloroform) (Found . $, 17-3 C,,H,,O,5, 
requires $, 17-24%, 

Deacet ylation of the tetra-acetate, by treatment overnight in methano! with a trace of sodium, and 
chromategraphy of the product on a column of magnesium trisilicate, using aqueous ethanol (75%) as 
eluent, gave &-(2  3-beneylidenedithiopropy!)thinglucoside as a pale yellow glass, ‘« E -—32-6° (c. b-4 in 
30%, aqueous ethanol) (Found C. 483. H, 60) S238. C€,.H,.0O,S, requires C 492: H, 57: S$ 
46%, After long storage and trituration with dry acetone, a small quantity of hygroscopic solid 
separated m Pp ih 40" (Found Ss. 24-45% 


2.3.46:°6:.2: 3-Hexa-acofyl B(2 | 3-Dimercaptopropyljthiogincoude -——The above  thioglucoside 
3-5 «) and ethanol (5 c.c.) were dissolved in bquid ammonia (100 «.c.), and sodium was added with 
stirring, ca. &2 g. at a time as the initial blue colour disappeared. When 5g. had been added a stable 
blue colour was obtained, solid ammonium chioride (10 g.) was then added and the ammonia was 
allowed to evaporate The reakiue was extracted with drv ether (2 « 100 « « evaporation of which 
gave toluene (63 ¢.b. p. 110"). Further extraction of the residue with cold ethanol (100 c.c.), then hot 
ethanol (50 ¢.c }, gave a clear, colourless syrup (2-1 g.), to which acetic anhydride (25 c.c.) and anhydrous 
potassium acetate (2 g.) were added; the solution was heated on the steam-bath for 6 hours. Excess of 
acetic anhydride was decomposed by stirring with water for 4 hours, and the acid was neutralised with 
aqueous sodium hydrogen carbonate Extraction with chloroform gave the hexa-acety! compound as 
a pale-orange viscous syrup (2-5 «. 57%) (Found: C, 461; H, 546. S. 169% Light absorption 
max. T3Wa «€ Tw . 8600 tor pure material). ( hromatographiy on Magnesium trisilicate 
with 10) | benzene-ether as eluent produced no apparent separation of stereoisomers 


Absorption spectra were kindly determined by Dr E. A. Braude Thanks are due to the Medical 
Research Council for a grant (to L. W.C.M 
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575. Actinomycin. Part I. Amino-acid Content, 


By C. E. Datouresu, A. W. Jounson, A. R. Topo, and L. C. Vinine 


Acid hydrolvais of actinomycin (Lehr and Berger, Arch. Biochem... 19469, 93. 593) yields 
in acidition to other as yet unidentified products, five amimo-acids which have been identified as 
i-threonine, sarcosine, b- valine, L-methyl valine, and L-proline Each of these has been isolated 
and identited by the preparation of derivatives Comparisons with the amino-acid content of 
other actinomycins reported in the literature have been made 


Since the first isolation of the antibtotic actinomycin from Achnomyces antidioticus by Waksman 
and Tishler (/. Brol, Chem, 1942, 142, 519), a number of very sumilar compounds have been 
obtained from other actinomycetes (Waksman, Geiger, and Rewnolds, Proc. Nat. Acad. S 
19466, 33. 117; Kocholaty, Junowiez-Kocholaty, and Kelner, Arch. Biochem., 1948, 17, 191 
Trussell and Richardson, Canadian ]. Re 1948, 26.C, 27; Lehr and Berger, Arch. Biochem, 
1949, 28. 503. Brockmann and Grubhoter, Naturwiss,, 1949, 396, 376 The orginal work of 
Waksman and Tishler established that actinomycin which crystallised as orange-red platelets 
had a molecular weight of 770-—1000 and an empincal formula approximating to C,,H,,O,,N, 
It was non-acktic and was precipitated from solutions in 10°, hydrochloric acid on dilution, 
indicating weak basic properties. The presence of a quinone grouping and of hydroxyl groups 
was inferred from the results of acetylation and reductive acetylation experiments. Actino- 
mycin, although a powerful antibtotic, is highly toxic to animals and thus has little or no 
therapeutic value 
The isolation of the material which we have used in the present work has been described by 
Lehr and Berger (Joc. cof) who prepared it from an unidentified strain of Actinomyces and we are 
very grateful to Dr. J. A. Aeschlimann of Hoffmann-La Roche Inc, Nutley, New Jersey, who 
made it possitle for us to examime the compound which was supplied under the name of 
Antilietic X.-45 In a previous note (Nefurc, 1949, 164, 830). two of us (C. E. D. and 
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\. RK. T.) have described a preliminary examination of this material and have compared 
the physical properties and empirical formula with those recorded for actinomycin by 
Waksman and Tishler (Joc. cit.). It was concluded that the two antibiotics were almost 
certainly identical although a final decision on this point can only come from a knowledge of 
the detailed chemical structures. Complete acid hydrolysis with subsequent paper chromato- 
graphic analysis revealed the presence of five ninhydrin-reacting compounds, four of which 
were identified as p-valine, L-proline, threonine, and N-methylvaline, and the fifth compound 
was also believed to be an amino-acid. In these respects also, antibiotic X-45 and a sample of 
Waksman’'s actinomycin were identical. Somewhat similar conclusions concerning the nature 
of the acid hydrolysis products were later reached by Brockmann and Grubhofer (/oc. cit.) who 
isolated three different actinomycins and reported preliminary chemical degradations of 
one of these which they named actinomycin C. They showed that this material had an approxi- 
mate molecular weight of 800-—900 and that the average value of several analyses indicated the 
formula C,H,,O,,N,. From an acid hydrolysis there were obtained L-threonine, .-proline, 
»)-alletsoleucine (or p-tsoleucine), N-methylvaline, and another N-methylamino-acid, m. p. 160° 

In view of the difference between the analytical results earlier reported by us for actinomycin 
and the figures quoted by Waksman and Tishler (Joc. ci#.), we have re-examined the analysis of 
antibiotic X-45 "’ and have found that the air-dried material approximates to a pentahydrate 
and that the analysis of the anhydrous product corresponds to C,,H,,0,,N, rather than 
Cy,Hy,0O,,N, a5 given in our original note (loc. cit.). The anhydrous material is very hygro- 
scopic and suitable precautions must be taken during the preparation of the analytical samples 
This revision of the molecular formula removes the major point of difference between Waksman 
and Tishler’s actinomycin and “ antibiotic X-45."". We have further examined the hydrolysis 
of “ antibiotic X-45 "' and have isolated all of the five amino-acids in a crystalline state. The 
fifth amino-acid has been identified as sarcosine, having previously been shown to be an 
a-N-methylamino-acid by paper chromatographic techniques. Sarcosine has not previously 
been reported in an acid hydrolysate of a naturally occurring compound, although it occurs in 
the free state in the testicles of Astropecten (Kossel and Edibacher, Z. physiol. Chem., 1915, 
94, 264). 

In order to settle the question of the identity or otherwise of our antinomycin with the 
actinomycin C of Brockmann and Grubhofer, we have exchanged samples with them and the two 
antibiotics have been compared in Géttingen and in Cambridge by X-ray and infra-red methods 
as well as by parallel hydrolysis and examination of the products by paper chromatography 
These comparisons leave no doubt but that the two substances are different; in amino-acid 
content they appear to be the same, except that actinomycin C contains p-iscleucine or p-alloiso- 
leucine in place of the p-valine which occurs in actinomycin. Whether this represents the sole 
difference between them cannot yet be stated with certainty. Acid hydrolysis of actinomycin 
yields in addition to the above mentioned amino-acids other unidentified products, some 
obviously derived from the unknown chromophoric group in the molecule; until the nature of 
the remainder of the molecule has been determined the possibility that there are further points 
of difference must remain open, although from the general behaviour of the two actinomycins we 
incline to the view that only the amino-acid content differs. We should like to record our 
appreciation of the friendly and helpful contact which we have enjoyed with Professor 
Brockmann in our work on actinomycin, 

The scheme which we have employed for the separation of the individual amino-acids 
depends on the preferential liberation of the compounds with dilute aqueous ammonia from a 
cation-exchange resin (cf. Partridge, Biochem. J., 1949, 44, 521) and may be represented 
diagrammatically (slightly simplified) as on p. 2048. 

The nature of the amino-acids was such that they were not completely separated from each 
other on the ion-exchange column, and chromatography on cellulose columns was employed for 
the final separation of the threonine-sarcosine-N-methylvaline mixture. The latter method was 
not selected for the original separation of the amino-acid mixture because of the relatively smal! 
amounts of material which can be treated in each operation; with this particular mixture, how- 
ever, cellulose chromatography undoubtedly gave a more efficient separation and it is recom. 
mended that it should be employed more extensively if the isolation of the amino-acids from the 
actinomycin hydrolysate should be repeated. 

The stereochemical configurations of the valine (p-) and proline (L-) were deduced from the 
action of p-amino-acid oxidase on the mixed amino-acids. Threonine (Klein and Handler, 
J. Biol. Chem., 1941, 139, 103) and N-methylvaline do not react sufficiently quickly in the 
presence of this enzyme system for the results to be significant. Unfortunately the experimental 
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conditions employed in the large-scale hydrolysis of actinomycin were sufficiently vigorous 
largely to racemise the amino-acids s that the compounds isolated were optically mactive. 
However, examination of the various mother-liquors from the amimo-acid crystallisations re- 
vealed that small amounts of the optically active forms were still present, and it was thus 
established that both the threonine and N-methylvalne were present in the L-form and contirmed 
that the proline was L-proline and the valine p-valine. 
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Only prelumimary experiments have so far been carried out on the mode of attachment of the 
amino-aciis within the actinomycin molecule. It seemed probable that some at least of the 
five might be present as a peptide and milder conditions of hydrolysis were examined in an 
attempt to isolate peptide fragments. Two such compounds were detected by paper chromato- 
graphy, the first being identified as threonylproline and the second as valine attached to a non- 
ninhydrin reacting molecule. Further experiments along these lines are in progress but it is of 
interest that actinomycin gives a value of only one-third of a primary amino-group per molecule 
im the Van Slyke determination, on the assumption that the molecular weight is ca. 800. This 
may well be due to side reactions; Waksman and Tishler (/oc. cit.) reported that there were no 
primary amino-groups in actinomycin. Thus, if the amino-acids we have isolated are linked 
in a peptide, then either the latter is further linked through the free amino-group (¢.g¢., in a cyclic 
peptide), of the terminal amino-acid ts sarcosine or N-methy!valine 


EXPERIMENTAL 


The labelling of spots on the various chromatograms as A, B, C. etc., refers to individual compounds 
the identity of which was inferred by direct comparison; ¢.g., the = due to proline has been referred 
to as B throughout, regardless of the nature of the solvent used for development of the chromatogram 


Achhnomycin " Antibiotic X-45.""—-The antibiotic formed bright red prisms, m 245” (corr 
all 367° (c, 025 in ethanol), from ethanol, methanol, or ethy! acetate ligroin ‘Found, in an air-dried 
sample: €, 53-7, H, 7-3. N, 12-2, loss on drying at 120°/10°¢ mm..9-5. Cale. for C,,H,,O,.N, 5H,0 
Cc, S34: H, 74; N, 121: HO. 7%. Found, in a sample dried at 120°/10°* mm. over hor ic 
oxide: C. 688: H, 74: N, a4 C-Me, @8; N-Me, 63: active H (Zerewitinoff), 039. Ca for 
CysH,.0,.N,: © 587: H. 70; N, 13-4; 2C-Me,6-4; 2N-Me,6-9°%). The absorption spectrum showed 
maxima at 2370—2400 and 4420-4440 4.; EIS, 238 and 161 respectively. Actinomycin is very soluble 
in acetone, benzene, chloroform, or acetic acid, moderately soluble in ethyl acetate, ethanol, methano! 
of betanol, slightly solable in ether or water, and insoluble in light petroleum. It is soluble in dilute 


mineral a id but insoleble in aqueous alkalis. Ethanolic potassium hydroxide gives a dark purple solu 
tion but the colour rapidly fades 


4eid Hydrolysis. Detection and Characterisation of Amino-acids produced. Single-dimensional 
Paper ( Aromatograpay Actinomycin (5 mg.) in 6n-hbydrochioric acid (3 c.c.) was heated in a sealed 
tube at 100° for 48 hours and the product, after separation of the black insoluble material, was taken to 
ciryness ander reduced pressure and recissolved in a small volume of water (0-2 ¢.c.). One drop of this 
solution was subjected to paper chromatography, after neutralisation on the paper with ammonia vapour, 
using the upper layer of an #-botanol-acetic acid-water mixture (4° 1° 5) as solvent (henceforward 
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hydroxyamino-compound was confirmed by 
hydrolysate with the Nessler’s periodic acid Lanpent 
4. 33) a brown spot being obtained, of Ry 0-23, 

of other jons of the hyd were carried ow 
(0-17) ; 


77, 0-77); and D (0-90, 0- 
in iii) #-Butanol saturated with water, asc 

Kirby, Sciewer, 1948, 107, »: A and B unresolved (0-06-—0-11); C (0 . 
threonine (0-06); proline, yellow (0-11); valine (0-23); and phenylalanine, green (0-32). 

Two-dimensional Paper Chromatography.—Actinomycin (13-2 mg.) was hydrolysed with 6n-hydro- 
chloric acid at 100° for 13 hours in a sealed tube. The product was treated as in the previous experiment 
and a portion of the aqueous extract of the hydrolysate was subjected to two-dimensional paper 
chromatography by the ascending technique (i) in aqueous phenol and |i) in the butanol-acetic acid 
mixture. Five spots were obtained (Ry values in 1 given first): A (0-42, 0-19); B, yellow (0-72, 
0-26); C (0-65, 0-40); D (0-74, 6-48); E (0-65, 0-17). The remainder of this hydrolysate was used for 
the characterisation of amino-acids D and E (below). Spot A of the single-dimensional chromatogram 
carried out in the butanol-acetic acid mixture is thas due to a mixture of threonine and amino-acid E. 
ind spot C in the single-dimensional chromatogram is due to a mixture of valine and amino-acid E. 


Deamination of Acid Hydrolysete.—-An actinomycin hydrolysate (5 mg. of actinomycin treated with 
| c.c. of On-hydrochioric acid at 100° for 24 hours in a sealed tube, and the product as before) 
was divided into two equal portions, and one of these was treated with nit fumes (from sodium nitrite 
and dilute hydrochloric acid) for 30 minutes. After addition of concentrated hydrochloric acid (0-1 ¢.c.), 
the solution was boiled for 5 minutes and then evaporated to dryness over potassium hydroxide in a 
desiccator, and the residue dissolved in water (1 c.c.), taken to , and re-dissolved in water (0-5 
c.¢.), Examination of this solution on a paper chromatogram ) the butanol-acetic acid mixture as 
solvent showed the presence of three 4s, viz., E (Ry 0-23), B, yellow (0-30), and D (0-55). Standards 
threonine (0-24); proline, yellow (0-29); valine (0-47); and N-methylvaline (0-54). The untreated 
hydrolysate showed an additional spot C (0-47). In parallel experiments it was shown that standard 
threonine and valine were deaminated under these conditions and hence neither amino-acid D nor F 
contains a primary amino-group. 


Chromatography on Paper pretreated with Copper Carbonate (cf. Crumpler and Dent, Nature, 1049, 
164, 441).—A (0-03 c.c.) of the above actinomycin hydrol — was en yp on 
which had been lightly dusted with basic copper carbonate chromatogram was veloped wrth 
water-saturated butanol and after drying was treated with ninhydrin solution and heated in the usual 
way. No spots were obtained from the hydrolysate, from standard threonine, proline, valine, or N- 


methylvaline under similar conditions. On the other hand blue spots were obtained from p-glucosamine 
and y-aminobutyric acid. Amino-acids D and E were therefore both e-amino-acids 


Characterisation of Amino-acid ID as N-Methylvaline by Direct Comparison.— Portions of the actimo- 
mycin hydrolysate, as used in the two-dimensional chromatography (above), were compared 
directly with various «-N-methylamino-acids on c tograms with a variety of solvents and 
development with ninhydrin solution at 100°, The ng was the behaviour of amino-acid L) in the 
actinomycin hydrolysate: (i) Butanol-acetic acid mixture as solvent: D (0-52) ; McncingNetonios 
standard (0-64); isoleucine standard (0-56). (ii) As (i): D (0-62); N-methylvaline (0-62) 
(iii) s-Collidine solvent: D (0-39), N-methylvaline (0-38). (iv) Aqueous solvent: D (0-02). 
N-methylvaline (0-92). (v) A two-dimensional paper chromatogram of a mixture of threonine, valine, 
proline, and N-methylvaline was run first in aqueous and then in the butanol-acetic acid mixture 
as solvents, the following 4 spots being obtained (/,» values in first): threonine (0-48, 0-19). 
proline, yellow (0-86, 0-28); valine (0-74, 0-47); N-methylvaline (0-91, 0-58). This pattern agrees with 
that of the amino-acids A. B, C, and D obtained in a similar chromatogram of the actinomycin 
hydrolysate 

Characterisation of Amino-acid E as Sarcosine by Direct Comparison.—Further quantities of an 
actinomycin hydrolysate were used for direct comparisons of the properties of amino-acid E with those 
of sarcosine, by subjecting each to chromatography with development by ninhydrin at 100° as 
before: (i) ueous phenol, ing chromatogram . (Ry 0-77); sarcosine (0-77); Plattner and 
N (Helv. Chim. Acta, 1948, $1, 2203) give sarcosine Ry ~ 0-80 in thissolvent. (ii) Aqueous collidine 
E (0-26); Plattner and N. (loc. cit.) quote Ry = 0-21 for sarcosine. (iii) A two-dimensional chromato- 

of & cdutase of seawoitd 1 aad sepueahte Ge tun tre ia oemnees phenel end then in Go 
tanol-acetic acid mixture as solvents, a spot being obtained after development: Ry — 0-75 
{aqueous phenol) and 0-24 (butanol-acetic acid). 

Acid Hydrolysis of Waksman's Actinomycin.—Actinomycin (1 mg.; Waksman and Tishler, Joc. cit. ; 
eS en Or aS ene Cae arene San en apasetnets ante @ cc.) in a sealed 
tube at 110° for 19 hours and clarified as in the previous experiments. The hydrolysate was subjected to 
two-dimensional apr | with aqueous phenol and the acid as 
solvents. Foes upele ease cbtabied development with ninhydrin (Ry values in phenol first), the 











2950) Daighesh, Johnson, Todd, and Vinang : 


position of which corresponded to those from the hydrol Si pean 6 ata 
1 sane X45"): A (O51, @19); B, yellow (0-68, 6-28); C (76, 0-47); D (0-94, 0-57); E (0-76, 
0 20). 


Reaction of D-Amino-acid Oxidase on the Acid Hydrolysate.—-The mixed amino-acids (21-9 mg.) from an 
acid hydrolysate of actinomycin were dissolved in water (1 c.c.) and neutralised to pH 8-2 with sodium 
hydroxide solution (0-31 c.c.; ©414n). A portion of this solution (0-2 c.c.) was Jed to the enzyme 
system, comprising a D-amino-acid oxidase-flavine adenine dinucleotide mixture (1.5 ¢ c.), a catalase- 
ethanol mixture (0-2 ¢.c.) to remove hydrogen peroxide, and a 0-1N-pyrophosphate buffer (0-8 c.c.) to 
bring the pH to &3. The mixture was incubated at 38° for 20 hours in a Warburg manometer tube, 
after which the uptake of oxygen (144 4!) was complete. A similar experiment using the neutralised 
hydrolysate (0-2 c.c.) with the addition of p-valine (0-39 mg.) in water (0-1 cc.) was carried out 
simultaneously (uptake of oxygen, 230 pl.; and hence the uptake due to the added p-valine, 86 gl 
Cale. 85 gl.) and also a blank determination on the enzyme system (uptake of oxygen, 16-54).). A sample 
of the solutions from each of the above experiments was subjected to two-dimensional paper chromato- 
graphy with aqueous phenol and the butancl-acetic acid mixture as solvents, and the resulting 
chromatograms showed the complete disappearance of the valine spot in the first two cases. No amino 
acid spots were obtained in the chromatogram of the enzyme system alone. Hence the valine is 


b-valime and the proline l-proline 


Milder Acid Hydrolysis.— Actinomycin (0-287 g.) was dissolved in 9n-hydrochloric acid (20 ¢.c.) and 
heated under reflux for 23 hours. The dark insoluble residue was separated and washed and the 
combined aqueous filtrate and washings, after thorough extraction with ether, were taken to dryness over 
potassium hydroxide in a desiccator, The residue was dissolved in water and subjected to paper 
chromatogr ¥, using the ascending technique and the butanol-acetic acid mixture as solvent; six 
spots were obtained after development with ninhydrin: threonine-sarcosine (0-19); proline, yellow 
(0-28); waline (0-43); N-methylivaline (0-52); F, yellow (0-56); and G (0-70). F and G were shown to 
be peptides by the procedure of Conaden, Gordon, and Martin (Biochem. J., 1947, 41, 590) In a further 
chromatogram the portions of the paper containing the peptides were cut out and extracted separately 
with boiling water. The solvent was removed from the extracts in a vacuum and each of the peptide 
residues hydrolysed with 6x-hydrochioric acid in sealed tubes for 22 hours at 110°, the products were 
taken to dryness, and the residues examined by paper onan as before. Peptide F gave rise 
to two spots: F, (0-22) and F,, yellow (0-28); standard threonine (0-22); standard proline, yellow (0-28 
Peptide G gave only one main spot, of Ry 0-46; standard valine (0-46). Faint spots due to threonine 
(or sarcosine) and proline were also observed in this chromatogram, probably because of contamination 
with peptide F 


The experiment was repeated and the extracted peptites were deaminated by treatment with nitrous 
fumes onl then hydrolysed and chromatographed as before, whereafter peptide F gave a single orange 
apot with Ry 023; standard proline (0-23); and peptide G gave no spot. Peptide F was therefore 
threonylproline, this being the only peptide combination of proline with threonine or sarcosine which 
contains a primary amino-growp. Peptide G must contain valine attached to a non-ninhydrin reacting 
fragment These results were confirmed by chromatograms using s-collidine and aqueous phenol as 
solvents 


High-temperature Acid Hydrolysis.—-Actinomycin (0-103 ¢.) was dissolved in n-hydrochloric acid (15 
¢.c.) and heated at 180” in a sealed tube for 1} hours. The brown residue was separated and the aqueous 
filtrate after extraction with ether was examined by paper chromatography, using the butanol-acetic 
acid mixture as solvent and development with ninhydrin as usual. Five spots were obtained 
threonine-sarcosine (0-18); proline, yellow (0-25); valine (0-42); N-methylvaline (0-51); and a new 
spot (O12). The last was at first thought to be a tide, but the compound was unchanged in its 
position on the paper chromatogram after extraction and hydrolysis with 4n-hydrochloric acid in a sealed 
tube for 19 hours at 100°. Two-dimensional paper chromatography of the original n-hydrochlioric acid 
hydrotysate with aqueous phenol and the butanol-acetic acid mixture as solvents showed that the new 
spot had replaced threonine (Xp values in phenol first): sarcosine (0-76, 0-21); proline, yellow (0-91, 
@-26); valine (0-80, 0-44); N-methylvaline (0-04, 0-52); new spot (0-14, 0-10) 


Teolation of Amino-acids produced from Acid Hydrolysis.—Actinomycin (5 g.) was dissolved in 9nx- 
hydrochloric acid (60 ¢.c.) and heated in a sealed tube at 110° for 40 hours. After cooling, the black 
residue (1:15 ¢.) was rated and the brownish filtrate continuously extracted with ether until a 
sample of the extract left no residue on evaporation. Kemoval of the solvent from the aqueous layer 
gave a brown gum which was redissolved in water and re-evaporated in order to remove all excess of 
hydrochloric acid. The gummy residue was then dissolved in water (250 c.c.), and a small quantity of 
insoluble material which had been precipitated was removed. The dark yellow filtrate was clarified by 
adsorption on a column of pre-treated cation-exchange resin, Zeocarb 215 (40 g.; 40—60 mesh size; 
15 = 246 cm.: ef. Partridge and Westall, Biochem. /.. 1049, 44. 418). The column was washed with 
water (3) c.c.) until the eluate was no longer coloured, and the amino-acids were then eluted with 
*16s-ammonia. The eluate was collected in 20-c.c. fractions, of which 1—14 were almost colourless, 
15-17 contained ammonia and were brown, and further fractions were colourless and gave no colour 
with ninhydrin. Each of the fractions | —17 was examined on a paper chromatogram using the butanol 
acetic acid mixture as solvent and development with ninhydrin at 100°, whereby it was found that only 
fractions ®—15 inclusive contained amino-acids. Four spots corresponding to threonine—sarcosine, 
proline, valine, and N-methylvaline were obtained from each of these fractions although the threonine— 
sarcoaine and N-methylvaline spots were stronger in the earlier fractions and the valine and proline spots 
were stronger in the later fractions. Fractions 9—14 inclusive were combined for the subsequent 
separation of the amino-acids, but as fraction 15 was coloured and also contained ammonia it was not 
sacluded 
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Meanwhile a column of Zeocarb 215 ion-exchange resin was constructed in three sections. The top 
section (25 g.; 40—60 mesh size; 15 x 1-9.cm.) was made up so that the amino-ackis would be adsorbed 
on the upper two-thirds of the column (cf. Partridge and Westall, joc. cif.), and the middle (5 g.; @—80 
mesh size; 4 * 1-3 cm.) and lower sections (4 ¢.; 100-120 mesh size; 4 « | cm.) were used solely to 
correct irregularities on the amino-acid boundanes. Each section was fitted with a parafha-disc float to 
deflect the incoming drops. A rough check was kept on the nature of the eluate by the use of a con- 
ductivity ceil. 

A solution of the amino-acids (fractions 9—14 above) was brought on to the column and washed with 
water until the eluate was colourless. Elution with 0-15n-ammonia was then commenced (14 ¢.c. per 
hour), and, when the amino-acids first appeared in it (22 hours), the eluate was collected in 10-c.c. fractions 
of which 1—26 inclusive were colourless, 27 was brown, and 28-30 colourless. Each of these was 
examined on a paper chromatogram using the butanol-acetic acid mixture as solvent. Fractions |—18 
inclusive which showed the threonine-sarcosine spot were also chromatographed on paper using aqueous 
phenol as solvent in order to differentiate between threonine and sarcosine. 

Fraction | contained threonine and two new spots. Evaporation to dryness gave a pale brown waxy 
solid which rapidly became biack in air and was not fur cher examined. 

Fraction 2 contained threonine and a little sarcosine. This fraction, (A), was used for the isolation 
of threonine. 

Fractions 3 and 4 (B) contained threonine and sarcosine and were used in an unsuccessful attempt to 
isolate a8-dihydroxybutyric acul after deamination before the isolation of threonine itself 

Fractions 5-—7 (C) contained threonine, sarcosine, and N-methy!valine, all of which were separated 
by chromatography on cellulose (see below). 

Fractions §8—-18 (D) contained all five amino-acids. 

Fractions 19—26 (E) contained valine and proline and were used for the isolation of these amino-acids. 

Fraction 27 was brown and contained ammonia as well as valine. 

Fraction 28 (F) also contained ammonia and valine, and was used for the isolation of valine. 

Fractions 29 and 30 contained no amino-acids. 


Fraction D was re-fractionated on the ion-exchange column and the various fractions examined by 

paper chromatography as before. Fractions mat oe to B, C, D, E, and F, wz., B,, C,, Dy, ae and 
, Were obtained and a similar refractionation of D, yielded B,, C,, D, (1-04 ¢.), E, and ¥,. B,, By, 

C,, Cy, Ey, Ey, Fy, and F, were used to supplement the corresponding fractions of the earlier ‘separation 

Isolation of * er mi -This was obtained partly from fraction C (including C, and C,) and partly 
from fraction A. A column of powdered cellulose (65 g.; 10 = 4 cm.) was prepared using the butanol 
acetic acid mixture as solvent, and metallic ions were removed by adding a solution of &-hydroxyquinoline 
(100 mg.) in the same solvent (2c.c.). The coloured band was washed right through the column and the 
washing continued until the eluate was colourless. Fraction C from the won-exchange column was taken 
to dryness, redissolved in the butanol-acetic acid mixture, and brought on to the column. The chro- 
matogram was developed with the same solvent, and the eluate collected in 10-c.c. fractions (1—31), the 
column being washed finally with water (100 c.c.), and the aqueous washings were concentrated (to 
10 c.c.; fraction 32). Each of these fractions was examined for its amino-acid content by paper 
chromatography as before, using aqueous phenol as the solvent 


Fractions 2—4 inclusive contained N-methylvaline only and were used for the isolation of this amino- 
acid (see below). 


Fractions 7—20 inclusive contained sarcosine only and were used for its isolation (see below), 


Fractions 25—32 inclusive contained threonine only and were taken to dryness in a vacuum, giving a 
white amorphous solid (87-1 mg.). In addition, fraction A (20 mg.) from the original ion-exchange 
column was also added and the solid [a)]? + 2-4 (c, 3-28 in water) was recrystallised from aqueous ethanol, 
to give colourless needles, m. p. 220— ‘230° raised to 235—236° on further crystallisation not depressed 
in admixture with an authentic specimen of pi-threonine, m. p. 236° (Found, in a sam ried at 
90° /10~¢ mm. for 12 hours: C, 39-7; H, 7-6; N, 120. Cale. for C,H,O,N: C, 40-3; H,76;N_ 11-86%). The 


2 : 4-dinitropheny! derivative was prepared by adding a solution of the amino-acid (22 mg.) and sodium 
carbonate (46 .) in water (0-65 c.c.) to 1: 2: 4-fluorodinitrobenzene (45 mg.) in ethanol (l¢.c.). The 
mixture was for 2 hours, the ethanol was removed, and the yellow aqueous solution remaining 
diluted to 5 c.c. and extracted with ether (5 x 1 ¢.c.) to remove excess of fluorodinitrobenzene 
Acidification with 5n-hydrochloric acid (1 ¢.c.) precipitated a yellow oi] which crystallised after some 
hours. Recrystallisation from ether-light petroleum (b. p. 40-—60°) gave the derivative as yellow needles, 
m. p. 147", we on admixture with an authentic — of the threonine derivative (m. p. 147°) 
(Found: C, 42-3; H, 42; N, 151. Cale. for C,H,,0, 42-1; H, 39; N, 147%). Sanger and 
Porter (Biochem. ]., 1948, 42, 287) give m. p. 152° for N- a: e-dintnighonyh DL-threonine. 

Isolation of N-Methylvaline—The N-methylvaline fraction from the en ee separation in 
the previous experiment was evaporated to under reduced pressure at The residue was 
re-dissolved in ee to give a white amorphous solid (62 mg.). Similar 
treatment of other N~- further quantities (122 mg.). The crude 

ane 150°/0-01 mm. and the sublimate [a)}} 0-73 (c, 
acetone as colourless . 255° (decomp.; in a sealed 


undepressed we OR a TS Coe at at (Pound, aie ated 
a: $0 me tor 12 boone C, 56-3; H, 10-2; N, 10-6. Gat ioe Citgo. Ceo. He. > : & 
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mg.) was dissolved in rapen ton Oe See The shution had ef 30%" fc 314). 2-14). the 
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2 4-dimitropheny! deri ative recrystallised trom ether t petroleam (b. p. 40-60) had m. p. 

rae fr Ay Syn a oe .m p 17% (Pound: C, 465; H,50; N. 145. C 
wh? 1M, C, 485; WGI, N. 141%). Platener and Nager, Hele. Chim. Acta, 1948, $1, 665, give 
al-5-—182° for N-(2 ; 4-dinitropheny!)-t-valine 


y lation of S ~The sarcosine fraction from the above chromatographic separation was 
evaporated to dryness, and the residue redissolved in water and again evaporated, to give a grey waxy 
soled (42 pr @ further 49 mg. were obtained from other sarcosine-containing fractions), m. p. 205 
(decomp. alter eee le Crystallisation from methanol-acetone gave coloutiess pecdies, mp. 2U% 
aa t with am authentic imen of sarcosine, m. p. 210° (Found 

Ke #2, N, 166. “Cok for CJH,ON . C, 40-6; H, 70; N, 15-7%). A muxture of the product 
sehadiadkomumbioncadiaesieaielaiekinan te d lech {ogram using aqueous phenol 
and the butanol-acetic acid mixture as solvents. The 2: 4dimitropheny! derivative ‘famed yellow 
priems (from aqueous methanol), m. p. 178" alone and muxed with an authentic specumen, m. p. 175 
(Pound: C, 423; H. 40, N. 162, C,H,O.N, requires C, 424; H, 3-6; N, 165%) 


Jrolation of Valine.—-Fraction E trom the original wn-exchange separation was taken to dryness at 
0)” ander reduced pressure, an amorphous pale brown solid (800 mg.) being obtained. This was dis- 
wived in the minimum amount of bot water, two volumes of hot ethanol were added, and the mixture 
was kept at 0° for 12 hours, whereby valine was obtained as colourless plates (300 mg.). mp. 274° raised 
to 280° after two recrystallisations from equeene ethanol (Pound: C, 51-7; H,®3; N, 12-1. Cale. for 
C,H,,O.N > C, 613; H, &5; N, 120%). No depression in m. p. was observed on admixture with 
authentic valine (m E 200"), The qurtheen Squat from the valine crystallisation were used for the 
teolation of proline urther quantities of valine (34 mg,). \a)}? —3-8" (c, 2-63 in 6n-hydrochioric acid 
were obtained similarly from fraction F which contained no proline. The 2 : 4-<linitropheny! derivative 
formed yellow plates, m. p. 185° (from ether—light petroleum (b. p. 40-60") (Abderhakien and Blumberg 
Z. physiol, Chem., 1910, 318 Pe m. p. 185° for N.(2 t-dinitro »heny!)-pt-valine) not depressed by 
an authentic wre as mp. 185°, vared from pDt-valine Sound C, 468, HL 45, NL 153. Cak 
tor Cy sH yO WN, C, 46-7; H, 46; g 1% 


Tselation of Proiine —The mother-liquors from the valine preparation were evaporate! to dryness 
under reduced pressure, redissolved in hydrochloric acid (20 c.c. of 1%), and mixed with a solution of 
ammonium rhodanilate (1-5 g.) in methanol (20 ¢.c.). The reddish-purple needles of proline rhodanilate 
which formed were separated, dried (540 mg.), and recrystallised from methanol-1% hydrochloric acid 
then having m p. 120". A further crop (660 mg.) was obtained by concentration of the first mother- 
liquors and after recrystallisation as before was mixed with the first batch. The proline rhodanilate was 
shaken with 10% aqueous rs (11 cc.) for 5 minutes, and after 12 hours the pyridine rhodanilate 
was separated, and the pale red filtrate treated with acetic acid (0-2 c.c.) and kept overnight. The 
colourless supernatant liquid was decanted from the smal] quantity of red precipitate and evaporated to 
dryness under reduced pressure, and the residue was dissolved and re-evaporated twice with water and 
finally with ethanol to remove pyridine and acetic acid. Kecrystallisation from ether-ethanol gave 
colourless prisms of Di-proline (115 mg.), m. p. 204--204-5° not depressed on admixture with an 
authentic specimen, m.p, 205° (Found : C, 52-5; H,7-7; N, 12-5. Cale. forC,H,O,N : C, 52-2; H,7-9 
N, 122%). A sample of proline isolated from the mother- liquors from the ‘above crystallisation had 
«| —8 4° (c, 1-67 mm water). The 2: 4-dinitropheny/ derivative of pt-proline formed yellow needies, 
mp. 180 alone and mixed with a synthetic specimen, m. p. 189° (Sanger and Porter, loc. ctt., give m. p 
137° tor N-(2: 4-dinitrophenyl)-t-proline) (Found: C, 47-4; H, 40; N, 162. C,,H,,O,N, requires ¢ 
170; ML 38, N, 169%) 











(Grateful acknowledgment is made to Dr. J. A. Aeschlimann of Hoffmann-La Roche Inc., Natley 
New Jersey, for supplying the actinomycin used in this work, to Dr. S. M. Partridge for helpful dis 
cussons, and to the Royal Commusmeners tor the Exhibetion of 1851 for an Overseas Studentship award 
to one of us (L. C. V.). Mr. K. Burton provided the enzyme and assistance in the experiment with 
» amino-acid oxidase 
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576. The Preparation of 5-Methyl-1 : 4-diazaindene (5-Methyl-4-azain- 
dole) and its 2-Methyl and 2-Phenyl Derivatives : Some Reactions of 
2: 5-Dimethyl-1 : 4-diazaindene. 


By J. C. Crayrow and J. Kenyon 


The preparation of 5-methy!-1 . 4-ciazaindene and its 2-methy! and 2-pheny! derivatives is 
described. Some reactions of these compounds, particularly of 2. 5-dimethyl-1 . 4-diazaindene 
are also described 


In spite of the interest in the chemustry of indole and its derivatives, remarkably little attention 
has been paid to its pyndine analogues the diazaindenes (#:-azaindoles). 

7-Methy!-1 : 6-diazaindene was isolated by Perkin and Robinson (/., 1912, 101, 1775) as a 
degradation product of the alkaloids harmine and henge ge and 2-methyl-1 : 6-diazaindene 
has been synthesised by Koenigs and Fulde (Ber, 1927, 60, 2106). More recently Clemo and 
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Swan (/., 1945, 603; 1948, 198) prepared a number of derivatives of 1: 4-, 1: 5-, and |: 4-di- 
— as well as 1: 4-diazaindene itself, by cyclisation of the appropriate acyl pines, 
, application, to the pyridine series, of Madelung’s indole synthests (Ber, 1912, 4. 12s) 
Aakaatagtn th upgty the Vadhat tndale eyed to 6 pyeldyipteninne tave poeeel unsuccessful 
(Pargher and Furness, J/., 1915, 107, 698). 
The present communication records the synthesis of 5-methyl-1 : 4-diazaindene and its 
2-methy! and 2-phenv! derivatives (I; RK < H, Me, or Ph). 





Mv a5 


N 
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3-Amino-2 : 6-lutidine was prepared from 2: 6-lutidine by a modification of Plazek’s 
procedure (Ber., 1939, 72, 577). Cyclisation of 3-formamido-2 : 6-lutidine (11; K « HM) by 
sodium ethoxide (cf. Clemo and Swan, Joc. cit.) gave (1; RK « H) in small yield, which was not 
improved by use of potassium alkoxides (cf. Tyson, /. Amer. Chem. Soc., 1941, 68, 2024; Marion 
and Ashford, Canadian J. Res., 1945, 23, B, 26). On the other hand, 2 ; 5-dimethyl- (I; KR 
Me) and 5-methyl-2-phenyl-1 : 4-diazaindene (1; R = Ph) were readily obtained in good yields 
by the action of sodium ethoxide on 3-acetamido- (11; K «= Me) and 3-benzamido-?2 : 6-lutidine 
(IL; R = Ph) respectively. 

The 1 : 4-diazaindenes form highly crystalline picrates as well as salts with mineral acids, 
but, unlike indole and its simple derivatives, they are relatively high-melting, stable, and 
odourless. They shoW no positive pine-splint reaction nor do they react with Ebrlich’s reagent, 
although 5-methyl-1 : 4-diazaindene does give a pale red colour when kept for some days in the 
reagent. The diazaindene ring structure—like that of indole——is very sensitive to the more 
vigorous oxidising agents, such as permanganate and chromic acid, which, however, always 
gave intractable products. Whereas 2- and %3-methylindole undergo oxidation to the 
corresponding carboxylic acids by fusion with potassium hydroxide (Ciamician and Gatti, Ber, 
1888, 21, 1929), treatment of (1; K « Me) with fused potassium hydroxide completely disrupts 
the molecule, potassium carbonate being obtained in a quantity equivalent to 80% of the 
original material. The stability of the ring system is increased by benzoylation, and 1-benzoy!- 
2 : 5-dimethyl-1 : 4-diazaindene (III) can be oxidised to 3-benzamido-6-methylpyridine-2 
carboxylic acid (IV). 


Mey set i¢ On 
Pu MMe J NHBs 
Hz 
(I11.) (Iv) 


With acetic anhydride or benzoyl chloride 2 ; 5-dimethyl-1 : 4-diazaindene (I; R = Me) 
yields solely the l-acyl derivatives, whereas attempts to prepare the acy! derivatives of 
5-methyl-2-phenyl-1 : 4-diazaindene (1; R = Ph) were unsuccessful. Hydrolysis of the acy! 
derivatives by alcoholic sodium hydroxide proceeds readily at normal temperatures. 

With nitric acid, 1-benzoy!-2 : 5-dimethyl-1 : 4-diazaindene (111) yields the 3-nitro-compound, 
the orientation being proved by oxidation to (IV) and hydrolysis to 2 : 5-dimethy!-3-nitro-1 : 4- 
diazaindene, which was also obtained, albeit in small yield, by the direct nitration of (I; RB 
Me). Catalytic reduction of the 3-nitro-compound yielded 3-amino-2 : 5-dimethyl-1 : 4-di- 
azaindene, an unstable compound, which was characterised by the formation of a dihydro- 
chloride, a dipicrate, and the diacetyl derivative—3-acetamido-!-acetyl-2 : 5-dimethyl-1 : 4- 
diazaindene (V) 

Like 2-methylindole (Wagner, Annalen, 1887, 242, 384), 2 : 5-dimethy!-1 : 4-diazaindene 
(lL; R =< Me) couples with benzenediazonium chloride to yield the 3-benzeneazo-derivative, 
the structure of which is proved by formation of acetanilide and (V) on catalytic reduction and 
subsequent acetylation. Both 2: 5-dimethyl-1 : 4-diazaindene (1; RK = Me) and its benzoy! 
derivative (III) give 3-bromo-derivatives, and the halogen derivative of the latter can be 
hydrolysed to that of the former. Oxidation of the benzoyl-bromo-derivative with potassium 
permanganate yields 3-benzamido-6-methylpyridine-2-carboxylic acid (IV), thereby establishing 
the position of the bromine atom. 

Like indole and its 2-methyl derivative, 2 : 5-dimethyl-1 : 4-diazaindene with chloroform and 
potassium hydroxide gives a (? 3-)formy! derivative; no chloronaphthyridine could be isolated, 
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the by-product that might be expected by analogy with the formation of chloroquinolines from 
indoles in similar reactions (cf. Clemo and Swan, /., 1045, 603). 

An alcoholic solution of equimolecular proportions of (1; R — Me) and benzaldehyde in the 
presence of a little sodium hydroxide deposits a compound A, C,,H,,O,N,. Catalytic reduction 
of A gives rise to B, C,,H,.N, whilst oxidation of A with potassium permanganate yields 
C, CygH JON,, which can in turn be reduced to B. It appears that A is formed by the loss of the 
elements of water from the reactants and becomes solvated with two molecules of ethy! alcoho! 
Although the unsolvated material could not be obtained, indirect evidence of the presence of 
the solvent was obtained by a Zerewitinoff estimation (three active hydrogen atoms), as well 
as by the formation of ethyl benzoate on treatment with benzoyl chloride. Condensation with 
the 5-methyl group was rendered highly improbable by the failure of 5-methyl-2-phenyl-1 : 4- 
diazaindene and 3-acetamido-2 : 6-lutidine to react with benzaldehyde under similar conditions 
By analogy with reactions of indole and alkvlindoles, the structures (VI) (cf. Burr and Gartner 
J. Amer. Chom. Soc., 1924, 46, 1224), (V11) (cf. Scholtz, Ber, 1913, 46, 2138), and (VIII) were con 


Mel) — CHP N\__ CHPh-OEt Me 
Me 


Ane An Ax 
H 


(VL) (VIL) (VIL) 


CHCCHPh 


sidered for unsolvated A. Structure (V1) is unlikely since the corresponding indole derivatives 
are highly coloured and unstable, whereas A is colourless and stable; it was eliminated by the 
synthesis of 3-benzyl-2 : 5-dimethyl-1 : 4-diazaindene, which differed from the reduced compound 
B. (VII) seems unlikely because (i) there are two molecules of ethyl alcohol of crystallisation in A 
and (ii) catalytic hydrogenation would involve fission of an ether and formation of 3-benzyl- 
2: 6-dimethyl-1 : 4-diazaindene. Thus (VIII) alone is consistent with the experimental results, 
whence it follows that B and C are (IX) and (X) respectively 


e7 
a 
Mer * Mef® , x) 
_' CHyCH,Ph CHOCHPh taal 
N / ‘NN 
H H 
Attempts to synthesise (VIII) and (1X) by cyclisation of 3-cinnamamido-2 : 6-lutidine and 
3-4-phenylpropionamido-2 | 6-lutidine were unsuccessful 


ax 


EXPERIMENTA! 


Allm. p.* are uncorrected Picrates were prepared in, and crystallised from, alcohol unless other 
stated Light petroleum had b. p. 80— 100° 


3.Amino-2 : 6-dutidine.3-Nitro-2 | 6-lutudine was prepared in 94% yield by treatment of 
laticiine in 12%, oleum with potassium nitrate for 48 hours on the steam-bath, the amino-compound was 
obtained by catalytic reduction in anhydrous ethanol at 70° 100 atm., using Raney nickel (cf. Vlazek 
Ber, 1999, 78. 577 


5-Formamido-2 | 6-lutidine.A solution of 3-amino-2 : 6-latidine (5 g.) in formic acid (25 ml.; 98% 
was heated under reflux for 15 minutes and excess of formic acid removed under reduced pressure The 
residual yellow oily formy! derivative distilled at 300°/760 mm. and selidified to a buff-coloured mass 
which recrystallised from ethy! acetate as colourless tiny needles, m. p. 07-98" (4-5 ¢., 73%) (Found 
¢, 640, H.@7, N, 186. CHLON, requires C, 64.0; H, 67; N, 18-65% The prerate forms bright 
yellow prisms, m. p. 193° (Pound: C, 443. H, 34; N, 180. C,H,ON,C,H,O,N, requires C, 44:3 
HM. 34. N, 185% 

5. Methyl.1 > 4-diaraindene .-3-Formamido-2 : 6-lutidine (2 g.) was added to a solution of sodium 
ethaxide (2 ¢.) in ethanol (%) mi.) and the mixture evaporated to small bulk and heated in a metal 
bath at 200° under hydrogen The temperature of the bath was slowly raised to 210°, whereupon 
S-amino-2 6-lutidine (0-8 g.) distilled over After 15 minutes at 310° the mixture was cooled and mixed 
with water (10 mi the insoluble residue was removed by filtration, dried, and sublimed at 150°/12 mm 
to give Smethyl-1 : 4-diarsindene, m. p. 182-184" (0-2 g.. 12%) (Found: C, 72-2; H, @3; N, 210 
C,HN, requires C, 72-7; H, @1: N, 21-2% The prerate forms bright yellow needles, m. p. 215-—216 
(Found: N, 101. C,H,N,C,H,O,N, requires N, 194%, 

3-Acetamido-2  6-lutedine A mixtare of S3-amino-2: 6-lutidine (20 g.), anhydrous potassium 
carbonate (20 g.), and acetyl chioride (30 ¢.) in ether (1 |.) was heated under reflux for 1 hour and then 
evaporated to dryness To the residue a solution of potassium carbonate (20 ¢ ) in water (200 ml.) was 
added and excess of ether removed At 0° a mass of colourless crystals of the monohydrate, m. p. 70- 
%”. of S-acetamido-2 ; 6-luticdine separated (Found: C, 600; H, 7-2; N, 15-3. C,H,,O,N, requires 
Cc, 5, HL 77; N, 164%) By heating this at 00° 12 mm. for | hour the anhydrous compound, m. P- 
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119° (26 g., 87%), was obtained (Found: C, 65-9; H, 7-5; N. 17-2. C,H,ON a4 Cc, 4, 
H, 7-3; N, 17-1%). "The picrate forms yellow m. p. 194° (Pound: C 46-5; H, $85; N, 17-0. 
C,H yON, C,H,O,N, requires C, 45-8; H, 38; N, 17-7%). 

2 : 5-Dimethyl-1 : 4-diazaindene.—A solution of sodium (1-7 g.) and 3-acetamido-2 ; 6-lutidine (5 g.; 
thoroughly dried at 90° in vacwo) in anhydrous ethanol (50 ml.) was evaporated to dryness and the 
residue heated at 200° under dry hydrogen. The temperature of the bath was slowly raised to 320° and 
maintained thereat for 15 minutes, the mixture darkening and a vigorous evolution of gas cocurring 
To the cooled mixture, water (100 ml.) was added and the insoluble pale yellow residue filtered off, dried, 
and sublimed at 150°/0-5 mm.; the 2 : S-demethyl-1 : 4-diazsaindene tormed needies, m. p. 211° 
(2-4 g., 56%) (Pound: C, 744; H, 685; N, 101. C,H,N, requires C, 740; HM, O85; N, ‘ 
The Aydrochionde, obtained by passing dry hydrogen chioride into a solution of the base (0-5 g.) im dry 
ethanol, evaporating the solution, and crystall the residue from alcohol and benzene, formed 


glistening needles, m. p. 200-—-201° (0-57 g., 019%) (Found: N, 150; Cl, 194. C,H,N, HCI requires 
N, 15-3; Cl, 194%). 


Addition of nitric acid (d 1-5; 0-25 ml.) to the base (0-5 g.) in acetic acid (5 ml.) precipitated the 
nitrate, needles, m. p. 259° (decomp.) (0-63 g., 90%) (Found: C, 51-4; H, 5-7; N, 100. C,H NN, HNO, 
requires C, 51-6; H, 53; N, 201%). The prcrate separates as yellow prisms, m. p. 211° (decomp.) 
(Found: C, 480; H, 35. C,H,NyC.H,O,N, requires C, 48-0; H, 3-5%). 

A solution of the base (0-5 g.) in acetic anhydride (10 ml.) was heated under reflux for 5 minutes and 
the excess of anhydride removed tm vacuo. The l-acety! derivative separated from light petroleum as 
needles, m. p. 98° (0-5 g., 78%) (Found: C, 699; H, 63; N, 149. C,,H ON, requires C, 70-2 
H, 64; N, 14-90%). 

Benzoy! chloride (1-6 ml.) was added dropwise to a cooled solution of the base (2 g.) in dry pyridine 

15 ml.); after 30 minutes the solution was poured into water. The resulting |-benzoyl-2 : methyl. 
1: 4-diazaindene hydrate separated from aqueous ethanol as fine needies, m. p. 81—S2° (3-0 g., 84%) 
(Found: C, 71-6; H, 61; N, 10-5; active H, O74. C,H YON, H,O requires C, 71-5; H, 60; N, 
10-45; active H, 0-74%). The Aydrochloride was obtained when a solutwn of 2: 5-dimethyl-1 : 4- 
diazaindene in benzoyl chloride was kept at room temperature for 24 hours; it crystallised from ethanol 
light petroleum in needles, m. p. 191—192° (Found ; C, 66-5; H, 5-5; N, @7 «HON, HC) requires 
C, 670; H, 52; N, 75%). The picrate separates from glacial acetic acid as yellow lances, m. p, 205 

Found: N, 147. C,,H ,ON,C,H,O,N, requires N, 146%). 

3-Benzamido-2 . 6-lutidine.—To a solution of 3-amino-2 - 6-lutidine (5 g.) in dry pyridine (40 mi.), 
benzoy! chloride (6 g.) was added dropwise with shaking. After | hour at room temperature the solution 
was poured into water (250 ml.), a colourless oi] being deposited. This redissolved and on storage 
3-benzamido-2 | 6-lutidine separated as shining needies which, recrystallised from aqueous ethanol, had 
m 169-—170° (5 g., 54%) (Pound: C, 740, H, 64; N, 120 ON, requires C, 743; H, 6-2 


C,H, 
N, 12-4%). The prcrate separates as minute yellow prisms, mp 235 (Pound; C, 52-7; H, 3-65; N, 


52. CyH,ON,C,H,O,N, requires C, 52-7; H, 3-7; N, 153%). 

5- Methyl-2-phenyi-| : 4-diazaindene.—3-Benzamido-2 : 6-lutidine (3 g.) was cyclised by the method 
described above for the preparation of 5-methyl-1 : 4-diazaindene, yielding 5-methyl-2-phenyi-1 : 4-ds- 
azaindene as needles, m. p. 281—-282°* (1-86 g.,67°%,) (Found : C, 80-2; H, 5-8; N,13-7. C,H. N, requires 
C, 80-6; H, 5-8; N,13-5%). The picrate which was crystallised with some difficulty from oilahel bee 
golden yellow plates, m. p. 274—275° (decomp.) (Found: N, 15-7. C,,H,,N,C,H,O,N, requires 
N, 16-0%%). 

Oxidation of 1-Bensoyl-2 : 5-dimethyl-1 : 4-diazaindene._-To a solution of the benzoy! derivative (1 g.) 
in acetone (60 ml.) and water (20 mi.), potassium permanganate (4-25 g.) was added. The mixture was 
heated until a vigorous reaction ensued; this was moderated by the addition of water (40 mi.) in small 
portions. At the end of the reaction, excess of permanganate was destroyed with ethanol and the mixture 
filtered; the colourless filtrate was evaporated to small bulk under reduced pressure and the residual 
liquor adjusted to pH 4—5 by addition of acetic acid. The solid 3-bencamido-6-methylpyridine-2- 
carboxylic acid which separated crystallised from dioxan in needles, m. p. 218° (0-2 g., 21%) (Found 
C, 65-7; H, 48; N, 115. C,,H,O,N, requires C, 65-6; H, 47; N, 10-06%). 

1-Benzoyl-2 : 5-dimethyl-3-nitro-1 : 4-diazaindene.—1-Benzoy!-2 : 5-dimethy!-1 : 4-diazaindene (2 g.) 
rapidly dissolved when added in small portions to cold nitric acid (d 1-5; 20 ml.). After 1§ hours the 
solution was poured into water (200 ml.) and the pH adjusted to 6 by addition of aqueous ammonia 
The sticky yellow solid which separated was dried and recrystallised from ethy! acetate-light petroleum 
The resulting 3-sifro-derivative formed pale cream prisms, m. p. 164-—165° (1:3 g., 60%) (Found: N, 
14-5. CygH,,O,N, requires N, 14-25%). The picrate forms yellow prisms, m. p. 140-141" (Found 
%, 15-9. “CNH1,0,N,.C,H,O,N, requires N, 16-0%). 

Oxidation. A solution of the benzoyl compound (1 g.) and potassium permanganate (3-4 g.) in 
acetone (40 mi.) and water (40 ml.) was heated under reflux for 20 minutes. Excess of oxidising agent 
was destroyed by addition of ethanol and the dioxide filtered off. The colourless filtrate was 
evaporated to small bulk and the pH adjusted to 5, whereupon 3-benzamido-6-methylpyridine-2 
carboxylic acid, m. p. and mixed m. p. 218° (0-3 g., 32%), separated. 

2 : 5-Dimethyl-3-nitro-1 : 4-diazaindene.—(a) A mixture of 1-benzoy!l-2 : 5-dimethyl-3-nitro-1 : 4- 
diazaindene (2 g.) in ethy! alcohol (100 ml.) and n-sodium hydroxide (6-8 mi.) was heated under reflux 
for 10 minutes. »-Hydrochloric acid (6-8 m!.) was then acided and the solution ted to dryness 
in vacuo, The residue was extracted with water, and the insoluble material filtered off. 2 : 5-Dimethy!- 
B-attro-1 : 4-diasaindene separates from ethyl! alcohol as needies of no definite m. p._, darkening 
at 270° and to 285° (1-1 g., 85%) (F : €, 063; HL 48; N, 21-4, C,H,O,N, requires 
C, 5463; H, 47; N, 22-09). 
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(}) 2: & Demethyl-} > 4-hiazaindene nitrate (0-5 g ) was heated with acetic ackd (30 mi.) wader retlux 
for 15 minutes and the solution evaporated. the residual deep-red gum was extracted with botling ethy! 
acetate. Addition of ight petroleum to the extract precipitated a small amount of brown solid which 
recrystallised from ethanol as yellow needies (0-05 g.). material, on heating, behaved sumuiarly to 
the compound prepared as in (@) above. The picrate separates from glacial acetic acid as greemsh- 
yellow an, m & Boe. 236° (Pound : C, 426; H, 36; N, 19-9, CH,O,N pC H,O,N, requires C, 
43-2. 


ee ‘Sdimathyl-d 4-diacaindene..2  5- Dimethy!-3-nitro-1 : 4-diazaindene (1 g¢.) in acetic 
acid (20 ml.) was shaken in an at phere of hydrogen at room temperature and normal with 
1%, jum-<chareoal. After the theoretical quantity of hydrogen had been absorbed, he catalyst 
tered off and the filtrate evaporated ander reduced pressure. The resixtual deep aa oil, which 
darkened on storage, was converted into the dsAydrochioride of dry hydrogen chionde imto its 
sution in ethanol. The brown precipitate ype ae from 95% acetic acid as sheaves of tiny needles 
m. p. #1302" (decomp.) (Found: C, 465; H, 5 N, 17-8; G1, 202. C,H,,N,2HCI requires 
(, 461; H, 56; N, 17-0; Cl, 25%). 


The prerate of the amino-compound forms orange-yellow lances, m. p. 206-— 206° (decomp ) (found 
N, 20 C,H, ON, 2C,HOLN, requires N, 20-35°%,) 

The amino-compound was converted into |-acefyl-3-acelamido-2 | 5-dimethyl.1- 4-diacaindene, m p 
222-223", by treatment with acetic anhydride (Pound : C, 63-4; H,6@3; N, 17-1. C,H, O.N, requires 
©, 637; M, Gi; N, 17-15%) 


3. Benceneaso-2 : 5-dimethyl-1 | 4-diasaindene —A cold solution of benzencdiazonium chioride from 
aniline (0-8 ¢ )) was added to a cold solution of 2: 5-dimethyl-1 : 4-diazaindene (2 g.) in 2n-hydrochlori 
acid. 2n-Sodium hydroxide was added until the solution was just alkaline, whereupon a bright yellow 
gummy precipitate separated. This hardened on storage and after crystallisation from aqueous alcoho! 
was obtamed as bright yellow-orange needles of 3-bensenearo-2 - 5-dimethyl-1 : 4-diasaindene, m. p. 208 
(2-4 g., 70%) (Found C, 720; H, 59; N, 22-65. C,,H,,N, requires C, 720; H, 5-6; N, 224%) 


The azo-compound (1 g.) was shaken in glacial acetic acid (20 ml.) under hydrogen at normal pressure 
and temperature in presence of palladised charcoal. 2 Moles of hydrogen were adsorbed very rapidly 
The filtered solution was evaporated under reduced pressure and the residue heated under reflux for 
15 minutes with acetic anhydride (20 ml). Excess of anhydride was removed under reduced pressure 
and the residue triterated with ethyl acetate. The resultant solid separated from aqueous ethanol as 
needles, m. p. 220--221° (0-6 ¢ , 60%,), and showed no depression of m on admixture with the l-acety! 
S-acetamido-2  S-dimethyl-1 ° 4-diazaindene prepared as described above. Evaporation of the ethy! 
acetate liquors ieft a resktue of acetanilide, m. p. 115 





1 Bensovl-3-4romeo-2 - 5-dimethyl-1 - 4-diacaindene—To a solution of I-benzoyl-2 5-dimethy!-! 4 
diazaindene hydrate (2-2 g.) in glacial acetic acid (30 ml.), one equivalent of bromine in acetic acid was 
aided dropwise. Next day the solution was evaporated to dryness and the solid residue extracted with 
bot water Addition of one equivalent of N-sodium hydroxide (8 ml.) to the extract precipitated a whit: 
bromo-slerivative which separated from ethanol in lances, m. p. 148° (1-6 ¢., 60%) (Found: C, 58-3 
HL 40, N. 35, Br, 23-55. C,,H,ON,Br requires C, 58-3; H, 395; N, 8-5; Br, 243%) 


The bromo-compound (1 g.), when oxidised in aqueous acetone with potassium permanganate as 
described above, gave 3-benzamido-6-methylpyridine-2-carboxylic acid (0-3 g., 38%), m. p. and mixed 
mp. 2l¢é 


3-Bromo-2 : 5-dimethyl-1 : 4-diaraindene 4) To 2: Sdimethyl-1 : 4-ciazaindene (2 g.) in acetic acid 

38 mil.), bromine (2-2 g.) in acetic acid (22 mi.) was added dropwise and the mixture was set aside, The 

needles which separated crystallised from glacial acetic acid and gave 3-bromo-2 : 5-dimethyl-1 : 4-4: 

asaindene by addition of one equivalent of n-sodium hydroxide to their aqueous solution. The 

oe ipitated solid separated from aqueous ethanol as prisms, m. p. 238-239" (decomp.) (Found. N 
27. C,H,O,Br requires N, 13-0%, 


(b) 1-Henzoy)-3-hromo-2 : 5-limethyl-1 : 4-diazaindene (0-5 g.) in ethanol (5 ml.) and n-sodiam 
vydroxnde solution (2-6 ml.) were kept at room temperature for 24 hours. Dilution with an equal volume 
of water yielded 3-bromo-2 : 5-dimethyl-1 : 4-diazaindene (0-3 g., 90%), m. p. and mixed m. p. 230 
(decomp 


3-Forwmyl-2 . 5-demethyl-1  4-diansindene.—2 : 5-Dimethyl-1 : 4-diazaindene (2 g.), chloroform (12 m! 
and ethy! alcoho! (32 ml.) were heated under retlux with stirring and a solution of potassium hydroxide 
(20 ¢.) om water (24 ml.) added during 2 howrs. The mixture was heated for a further hour and then 
cooled. The precipitated potassium chioride was filtered off and the yellow filtrate evaporated to 
dryness under reduced pressure. The residual red sticky tar was extracted thoroughly with successive 
portions of boding water, and the combined extracts were evaporated to small bulk, in the refrigerator 
pale yellow needles, m. p. 230-241" (0-85 ¢., 36%), of B-formyl-2 | 5-dimethyl-1 : 4-diazsaindene ated 
(Found: C, 60, H, 54; N, 160. C soll ye ON, requires C, 600; H, 5-75; N, 161%). 
picvate separates from methy! cyanide as yellow needles, m. p. 234—235° (Found: N, 18-6. 
C,.H,ON,C,H,OIN, CHYCN requires N, 18-90%). The solvent of crystallisation was lost at 120° during 
25 hours +m eaewe, the resulting picrate had m, p. 250-—251° (Found: N, 17-3. C,,H,ON,C,H,O.N, 
requires N, 17-4%) 


5-Methyl.2-styryl-1 | 4-diazaindene.— To a solution of 2: 5-dimethyl-1: 4-diazgaindene (5 ¢.) in ethanol 
(60 ml.) benzaldehyde (4 ¢.) and 2n-sodiem hydroxide (7 mi.) were added; after 24 hours the resultant 
orystalline styryl compound was filtered off; it recrystallised from ethanol in needles, m. p. 154—155* 
og. 80%) (Found: C, 73-5; H, 72; N, 5: active H. 0-91. C,,H,,N,2C,HyOH requires C, 73-6; 
H, 8 N86: active H &-927%, 
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as 

of Pd; 8 PY t 

can aueiead iieemne bales = é i a gum which 

' trituration with ethy! acetate c see i: ¢-dlesstadone 

~. ——_ (0-75 g., 75%) (Found: C, 81-4; H, 66; N. 1b8 Call 2M, roquices C. 81:3; H, 68: 
N, 110% 


This compound (1 g.) was heated under reflux in acetone (90 mi.) with _—- permanganate 
{2-6 g.) for I . and the filtered solution evaporated to dryness. The resxiua! 4-omde separated from 
dioxan as tiny needles, m. ». 248-240" Se) ems: 6. C, 76-7, H, 58; N, 1b? CygH ON, requires 
C768: H. 56; N, 12%). The picrate w trom glacial acetic ackl as yellow needles, m f 
228 229° (decomp.) (Found: C, 55-2; H, x 140. wl pene H,O,N, requires C, 55-1; 

36: N, 14-6%) The oxide soon 5 canna ascend (20'mi.' ydrogen with hed palladiand 
charcoal 0%). Tho cxide (0.55) wen chahen is cena 9 Sit) eater Eve ydrogen had been 

the filtered solution was evaporated to dryness and the residue induced to crystallise by tnturation mp 
ethyl acetate. The resultant needles had m. p. 245° alone or mixed with 5-methy!-2-2-phenylethy! 
1 : 4-diazaindene prepared as above. 


3-Benzyl-2 : 5-dimethyl-1 : 4-diazaindene.—To a Grignard reagent prepared from magnesium (0-4 g.) 
and ethy! bromide (1-5 ml.), 2 : 5-dimethyl-1 : 4-diazaindene (0-8 ¢.) in dioxan was added and the whole 
heated ander reflux for 3 hours, after which benzy! chloride (1-6 mi.) was added and the mixture heated 
for a further 6 hours. After addition of water, the ethereal layer was dried and evaporated , the residue 
after several recrystallisations from ie > acetate yiekied | gue S-dimethyl-1  4-diazaindenc, 
needles, m. p. 236° (Found: N, 12-2 Cy oH oN, requires N, 11-99 The picrate separates from acetic 
acid as delicate yellow needies, m. p. 206° (Found: N, 154. C vit N, CgH,O,N, requires N, 15-1%) 

3-Cinnamamido-2 : 6-Jutidine.—A solution of 3-amino-2 : 6-lutidine (2-5 g.) and finely-powdered 
cinnamoy! chloride (3-4 g.) in dry pyridine (30 ml), after being kept at room temperature for several 
hours, was poured into a large excess of water and the precipitated oil induced to crystallise by scratching 
it. 3-Cinnamamido-2 : 6-lutidine separates from aqueous ethanol as shining needles, mp. 189-190 

(40 g., 00%) (Found: C, 76-4; H, 66; N, 10-6. C,,H,.ON, requires C, 76-6; H, 63; N, 11-0%) 
= tes from glacial acetic ac ~ as yellow prisms, m. p. 244 (Found: C, 54-75; H, 40 
if, ON, cc io, N, requires C, 54-0; H, 3-95%) 

"$-p-Phenylpropionamide-? : 6-lutidine.—A solution of 3-amino-2 : 6-lutidine (1 g.) and £-pheny!l 
propiony! chioride (1-4 g.) in dry pyridine (20 ml.) was kept at room temperature for | hour and then 
poured into water (300 mi.). The separated oil slowly solidified and ated from benzene—light 
vetroleum in needles, m. p. 134° (0-7 g., 26%) (Found; C, 750; H, 68. C,,H,,ON, wires C, 75-5, 

Ht. 70%). The picrate forms yellow needies, m. p. 159--160° (Found. C, 7, H, #1 

“H,,O8,.C,H,O,N, requires C, 54-7; H, 435%) 


One of us (J. C. C.) thanks the directors of Glaxo Laboratories Ltd. for laboratory facilities and the 
gift of chemicals. 
Batrersea Potytrecunic, Lonwpor, §.W.11 
Researcn Diviston, Graxo Lapoxatortes Lro 
GReEenrorD, MIDDLESEX. Recewwed, July 22nd, 1050.) 


577. Studies of Compounds Related to Natural Perfumes. Part Il, 
The Application of the Diels—Alder Reaction to the Synthesis of 
8-cycloCitral Analogues. 


J. C. Lueywr and Franz Sonpneimer 


The aldehyde (11), obtained by the Diels-Alder reaction between I-methyibu iene and 
crotonaldehyde., is hydrogenated to the saturated aldehyde (111). This is brominat.d to (TV), 
which on dehydrobromination gives the unsaturated aldehyde (V), a lower homologue of 
B-cyclocitral. e Diels-Alder reaction between |. | : 3-trimethylbutadiene and crotonaldehyde 
is shown to give exclusively 2:2: 4: 6-tetramethyleyclohex-3-enealdehyde (VIIT). This is 
converted by the same reaction sequence into 4-methy!-8-cyclocitral (XIIT) 


Most of the practicable authenticated methods for the synthesis of $-cycocitral and 6-ionone, 
and related six-membered ring analogues (particularly of the irone type), involve the 
cyclisation of an acyclic compound at some stage. Kecently, two new methods for the 
synthesis of §-ionone analogues have been developed (Heilbron, Jones, Kichardson, and 
Sondheimer, J., 1949, 737), based on the corresponding cyclohexanones and cyclo- 
hexanealdehydes, severally. The first method, involving the ethynylcyclohexenes as 
Ne eee ee eee eee J., 1949, 2208) 
and has also been used for the preparation of cyclopenteny! and cycloheptenyi analogues of 
§-ionone (Heilbron, Jones, Toogood, and Weedon, j., 1949, 1827). The present communication 
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describes the progress made in developing the second procedure, which involves the bromination, 
followed by dehydrobromination, of saturated cyclohexanealdehydes 

In principle there are several methods available for preparing alkyl-substituted cyclo- 
hexanealdehydes. Among these may be mentioned: (4) the Grignard reaction of the 
corresponding bromides with ethy] orthoformate, followed by hydrolysis of the acetal! (cf. Smith 
etal, J, Org. Chem., 1941, 6, 437, 489), (6) addition of hydrogen and carbon monoxide to cyclo- 
hexenes (cf. Adkins and Kreek, ]. Amer. Chem. Soc., 1949, 71, 3051), (c) the Darzens reaction of 
the corresponding cycdohexanones with ethy! chloroacetate, followed by hydrolysis and decarb- 
oxylation of the glycidic esters (cl. Newman and Magerlein, ‘ Organic Reactions,”’ John Wiley, 
New York, 1049, Vol. 5, 413), and (d) the Diels-Alder reaction between substituted butadienes 
and a¢-unsaturated aldehydes, followed by hydrogenation of the cyclohexenealdehydes formed 
The last two of these methods have been investigated 

A convenient procedure for carrying out the Darzens reaction between carbonyl compounds 
and ethy! chloroacetate, using sodium in xylene as condensing agent, has been described in the 
patent literature (BP. 372,013; G.P. 591,452, 602,816; U.S.P. 1,899,340). This has the 
advantage over the more usual techniques (sodium alkoxides, sodamide, or sodium in ether) in 
that no solid material separates during the reaction, and a completely clear solution is obtained 
In this way cyclohexanone was smoothly converted into the glycidic ester (1; R = R’ = H), 


K K 
CH -CO,Et 
~™ 


4 
ra 

i 

R’ 
(i) 
which has already been transformed into cyclohexanealdehyde (Darzens and Lefébure, Compt 
rend., 1006, 142, 714; Newman and Magerlein, ]. Amer. Chem. Soc., 1947, 69, 469). When this 
reaction was carried out with 2: 2-dimethyleycdohexanone, only a 15% yield of crude undistilled 
ester (1; K « Me, R’° = H) was obtained, most of the ketone being recoverable. With 
2:2: 6-trimethyleycdlohexanone the steric hindrance of the methyl groups was sufficient 
completely to prevent reaction, the starting material being recovered quantitatively. This 
method is therefore not applicable to the preparation of the required alkylated cyclohexane- 
aldehydes After this work had been completed, a paper by Horning, Horning, and Platt 
]. Amer. Chem. Soe, 1949, 71, 1771) deseribed the Darzens reaction with 2: 2 : 3-trimethy!- 
and 2:2. 3: 6-tetramethyl-cycohexanones, in which the results agreed closely with those of 
the present communication 

Attention was then turned to method (d The Diels-Alder adduct of crotonaldehyde and 
I-methylbutadiene (piperylene) has been shown to have structure (II) (Holmes, Alcock 
Demianow, Robinson, Rooney, and Sunberg, Canadian J. Res., 1048, 26, B, 248) We have 
found the adduct to be homogeneous, both by careful fractionation and by the fact that only 
one 2 . 4-dinitrophenylhydrazone was formed. When (Il) was hydrogenated with a palladium 


Me Me Me CHO Me 
cHo <HOo (ibe A CHO 
Je “s \ Me — \ Me ? \/ Me 
(I1.) (1tt.) (tv.) (Vv. 


calcium carbonate catalyst, | mole of hydrogen was absorbed and 2 : 6-dimethylcyclohexane- 
aldehyde (II1) (2: 4-dinitrophenylhydrazone) was isolated in 68% yield. Bromine in 
chloroform (Barbier, Helv. Cham. Acta, 1940, 23, 793; Heilbron, Jones, Richardson, and 
Sondheimer, Joc. ct.) gave a 52%, yield of the unstable bromo-aldehyde (IV). When the latter 
was boiled with diethylaniline for 2 minutes, hydrogen bromide was eliminated, and impure 
2 : 6-dimethyleyelohex-l-enealdehyde (V) (2 : 4-dinitrophenylhydrazone) was obtained. It was 
converted into the semicarbazone (54°, yield based on the bromo-aldehyde), from which the 
pure aldehyde was regenerated 

The same sequence of reactions was performed on the aldehyde (VIII), the product of the 
Diels-Alder reaction between crotonaldehyde and 1: 1 : 3-trimethylbutadiene (2 : 4-dimethyl- 
penta-1 : 3-diene) (VI). This reaction might give rise to two aldehydes (VII) and (VIII), and 
it has previously been carried out by Diels and Alder (Annalen, 1929, 470, 62), and described in 
the patent literature (Naef et Cie, F.P. 672,025; Swiss P. 136,907); however, no yields were 
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given, nor was the product characterised. The German authors, without evidence, assumed 
structure (VIII) for the product, but the patents considered both aldehydes to be formed, 
the major product also being assigned structure (VIII) on the basis of the hydrolysis rate of the 
corresponding ester. It was found that under the conditions used by Diels and Alder (heating 
at 180° for 7 hours) only a 20° yield of adduct was obtained. The reaction was run under a 
variety of conditions, and the best yield (42%) of adduct was produced on heating the 
components at 155° for 40 hours. The product appeared homogeneous and it gave essentially 
only one 2 ; 4-dinitrophenylhydrazone (see Experimental). 1t was dehydrogenated by sulphur 
(cf. Holmes et al., Joc. cit.) to 2: 4: 6-trimethylbenzaldebyde (1X) characterised as the 2 : 4-<di- 
nitrophenylhydrazone. It is concluded that the aldehyde (VIII) is the only product of the 
Diels-Alder reaction. Similarly, Jitkow and Bogert (J. Amer, Chem. Soc, 1941, 63, 1979) 
found that the reaction between 1: 1 : 3-trimethylbutadiene and acraidehyde gave essentially 
only the adduct corresponding to structure (VILLI). On the other hand, Naves and Ardizio 
(Hele. Chim. Acta, 1948, 31, 2252) concluded that the reaction between 1; | : 2-trimethyl- 
butadiene and crotonaldehyde gave a mixture of the two possible adducts, the major product 
possessing the structure corresponding to (VII). On oxidation with silver oxide, the adduct 
(VIII) gave the crystalline acid (X), m. p. 85--87°, which is probably identical with the acid 
(m. p. 88°5—89") obtained by Diels and Alder (loc. cit.) from 1: 1: 3-trimethylbutadiene and 
crotonic acid 


M 


e Me ’ Me 
\/ KA Me 


’ / > F he . 
+ CH,CHICHCHO -—> yf BS, o yf GO — ( “Eto 


° 4 
Me. Me 


(Vil) (VUL.) (IX. 


} Bing 
Me Me Me Me 
\< CHO \ "4 
\oa ( ‘CHO , ‘CO 
Me Me Mel |Me Me! Me 


(Xl (XIL) XL.) (X.) 


On catalytic hydrogenation, rather more than | mole of hydrogen was absorbed and 
2:2: 4: 6-tetramethyleyelohexanealdehyde (XI) (2: 4-dinitrophenylhydrazone) could be 
isolated. Bromination with bromine in chloroform gave the bromo-aldehyde (XII) (50%, yield), 
which on treatment with diethylaniline eliminated hydrogen bromide to give crude 2:2: 4: 6- 
tetramethylcyclohex-6-enealdehyde (4-methyl-8-cyclocitral) (XIII). The latter was isolated as 
its semicarbazone (31%, yield based on the bromo-aldehyde), and was also characterised by its 
2 : 4-dinitrophenylhydrazone 

The light-absorption data of the final compounds described in this paper are recorded in the 
table and are seen to be in good agreement with those of 6-cyclocitral and its derivatives 


2 : 4-Dinitropheny!- 
Aldehyde. Semicarbazone. hbydrazone.* 


Compound. dees. A. Gen _a — Auess & Tr 
(Vv) 2470 12,400 20,100 3910 29,000 
19,100 
(XID - 20,100 3840 26 600 
2: 2: 6-Trimethyleyelo- 
hex-6-enealdehyde ... 2490 11,600" 24,500" 3860 26,600 * 
* In chloroform: main band only. 


: vomee and Linden, ]. Amer. Chem. Soc., 1947, 69, 2072. * Andrews, Cristol, Lindenbaum, and 
Y 1 ., 1945, 67, 715. * Redetermined in these laboratories. 
oung 


EXPERIMENTAL. 


spectra, unless stated otherwise, were determined in alcoholic solutions. M. p.s and 

b. p.s are uncorrected.) 
Ethyl a: 1-Epoxycycloherylacetate (1; R = R’ « H).—-A mixture of ethyl chloroacetate (55 ¢.) 
cyclohexanone (43 g.) was added to a suspension of finely divided sodium (11 g.) in xylene 
cooling ( ). The rate of addition was regulated so that the temperature 
. The resulting dark-red clear solution was poured into water. 
and the organic layer, after repeated washing with water, was dried and evaporated. Dn»stillation of the 
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oaniue gave the glycudc ester (37 g.. 50%). b. p. $1-—83° 0-04 mm. «[f* 1.4636 (Newman aad Magerlein. 
oe. ott., give b. p. 115-—-417°/10 am., 1 4600). 


2 6 Demethyicyclohes -3-encaldehyde (11).--The aldehyde was prepared by heating 
pesree ae Coe for 24 hours as described by Holmes et al. (Joc. cit.). The product wascaref 
hrough a Dufton column into several fractions, b. p. 77-—78°/17 . 1 
et al, lee. ett., give b. p, 81°20 em, wi 1.4686). Only one 2 > 4-dimitrophenythydrazone 
isolated. Itc from ethanol in yellow needles, m. p. 165-—167° (Found: N,17-56. C,,H,,O,N, 


2 : 6 Dimethyleyclohexansaidechyde (111).--The unsaturated aldehyde (25 g.) was dissolwed in 
redistilied methyl! acetate (30 cc), and the selution was shaken for 14 hours with nx kel to remove 
the smail amount of i coven. The filtered liquid and methy! acetate (20 c.c.) used for 
washing the nickel were in hydrogea jum-cakcium carbonate catalyst (2-0 

ing to 105 F) 
> “.) asa 
4 P F , wf} 14536 (Pound C,H,.O requires C, 77-1 
H, 11.5%). hewylhyds asome arc from methanol in yellow needles, m. p. 129- 
130° (Pound : N, 17-65. C,,HO,N, requires N, 17-5%) 

i-Bromo-2 : 6-dimethyicyclohesanealdchyde (1V).—A solution of bromine (19-5 g.) in chloroform 
(3) ¢.c.) was added dropwise to an ice-cooled, stirred suspension of calcium carbonate (80 g.) in 
chloroform (40 ¢.c.) and the saturated aldehyde (15-6 g.) bromine was added at such a rate as to 

the reaction mixture at ca. 15°. After another 3 hours’ stirring, the mixture was filtered, washed 
with sadium hydrogen carbonate solution and water, and dried. The solvent was removed under 
reduced pressure, and the residue distilled. This gave the bromo-aidehyde (12-8 g.; 52%) as an unstable 
liquid, b. p. 63-66" 0-02 mm. #7? 1.502 (Pound: C, 466; H, 70. C,H,.OBr requires C, 49-35; H 
60%) 

2: 6 Demethyle yclohes-l-cncaldehyde (V).The bromo-aldehyde (12-6 g.) and diethylaniline (26 g 
were heated to boiling in nitrogen. The solution was reflaxed for 2 minutes, and then cooled as rapidly 
as possible, diethylaniline hydrobromide crystallised out. Water and ether were added, and the 
excess of base was removed by washing with dilute sulphuric acid. The ethereal extract was washed 
with extiam hydrogen carbonate solution, dried, and evaporated. The residue was distilled into several 
fractions, b. p. 92-—100°/15 mm., #f 1-4935-—-1-6043. The combined fractions (5-6 g.), consisting 
predominantly of the unsaturated aldehyde, were converted into the semicarbazone in the usual way 
Crystallisation from ethanol then gave the pure semicarbascone of 2 : 6-dimethyleyeiohexencallehyde 

60 ¢., 54% based on the bromo-aldehyde) as prisms, m. p. 211° (Found : N, 21-35. C,,H,,ON, requires 
N, 21-6%). Light absorption : see Table. 


Kegeneration of the aldehyde was effected by heating under reflux a stirred suspension of the 
semicarbazone in 2N-sulphuric acid and light petroleum (b P oar) The reaction was rather slow, 
and was terminated after 115 hours. Some unchanged semicarbazone could be recovered by filtration, 
and the organic layer after being washed with sodium hydrogen carbonate solution wasdried and 
evaporated. Distillation of the residue gave pure 2: 6-dimethylcyclohex-l-enealdehyde as a pleasant- 
smelling liquid, b. p. 06-—07°/19 mm. wi? i042 (Found C, 78-6; H, 10-35. C,H,,O requires C, 78-2 
H, 102%). Light absorption» see Table. The 2: ¢-dimitrophenyihydrasone crystallised from ethanol 
in red needles, m, p. 160-161" (Found: N, 181. C,,H,sO,N, requires N, 17-6%). Light absorption 
see Table. 


1: 1: 3-Trimethylbntadsone (2 4-Lemethylpenta-1 : 3-diene) (V1).—The hydrocarbon was conveniently 
prepared by the reaction between mesity!l oxide and methylmagnesium iodide, followed by dehydration 
with a trace of iodine Jithow and Bogert, loc. esf.). It was obtained in 80-g. quantities (50°, yield), 
bp. 02-6°/760 mm., «/f* 1.4609. Light absorption: Maximum, 2320 ,.; ¢ — 8500. Waterman and 
De Kok’s procedure (Rec. Trav. chim., 1933, 68, 234) was used once, but the main product was a liquid 
b. p. 110—112°/25 mm., «ff 1.4762, showing no appreciable light absorption intensity in the ultra-violet 
it was probably the dimer, b. p. 08—100°/12 mm., ni? 1-4848, described by Grignard (dan. Chim 
pol , 478) 


2:2°4 6. Tetrametiyic ycloher-3 cncaldeayde (VIII) 1:1: 3-Trimethylbutadiene (15 ¢.), redistilled 
rotenaldehyde (12 ¢.. 10%, excess), and a trace of quinol were heated in a stainless-steel autoclave for 
#0 hours at 155 160 The reaction was repeated on the same scale, and the products were combined 
Distillation through a short Vigreux column furnished 2.2. 4. 6-tetramethyleyclohex-3-enealdehyde 
21-5 g., 42%) as a mobile liquid, b. p. 89—02°/13 mm... nF 1-4744—1-4750 (Diels and Alder, Annalen, 
1920, 470, 62, give b. p 93-—05°/18 mm.). When the reaction was carried out at 180° for 7 hours (Diels 
and Alder, joc. es.), the aldehyde (b. p. 90-05" /18 mm.) could be isolated in only ca. 20% yield. A 76%, 
yield of adduct from crotonaldebyde and 1: |: 2-trimethylbutadiene was reported by Naves and Ardizio 
(lee. eit.) to be obtained by heating the components in light petroleum at 135—140° for 5 hours; the 
reaction with | | 3-trimethy!batadiene was run under comparable conditions, but only a very smal! 
yield of impure adduct was obtained 


The 2 . 4-dimstrophenylaydrazone crystallised from ethy! acetate in yellow needles, m. p. 227-228 
(Found: N, 162. C,,H,,0O,N, — N, 162%). In order to investigate the homogeneity of the 
aldehyde, the 2 4-dinitrophenythydrazone was prepared from the aldehyde (0-4 g.), and excess of water 
was added to the reaction mixture to precipitate any methanol-soluble derivative. The precipitate was 
disseived in benzene (most of the unchanged reagent remained insoluble and was filtered off), and the 
solution was poured on a column of alumina (ca. 250 ¢). The chromatogram was developed with 
benzene. the unchanged reagent remained at the top of the column. and a strong well<lefined yellow 
band was obtained, which vielded the normal derivative (m. p. 227-228"). In addition a weak band 
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wen chauned, Sui OR a eae (ea. 4 mg.) of a red powder. As this could not have 
been the derivative of the rsomeric aldehyde (VII), it was not further investigated. 

Sulphur Dehydrogenation of 2.2: 4: 6-Tetramethyicyclohes-3-emcaldehyde (V111).— The aldehyde 
st atemonpheri preure an the yellow datilte was on verted The volatile products were distilled off 


ata —— and the yellow © was converted into the 2 4- yihydrazone in 
the awa wa Chrmatogranic anaivn au indiated ane pave one single welded re hand 





Stine oa ties €, a0 
Soe Si ee with saul (m. p- 2b0 st 


from authentic 2: 4 6-trimethy 


2:2: 4: 6-Tetramethyicycloher-3-ene- 5 cassia Acid (X).— Aa alcoholic solution of the aldehyde 
(1-5 g.) was added to aqueous silver nitrate (prepared from AgNO, 6 ¢.). The mixture was heated to 
O° and excess of sodium hydroxide solution was added ise with stirring at this temperature 
After being set asde at room ‘ure with occasional! shaking for 40 hours, the mixture was filtered. 
water and ether were added to filtrate, and the acidic material was extracted in the usual manner 
This yielded the crude solid acid (0-8 g.), which after several crystallisations from aqueous acetic ace 
formed plates, m. p. 85—87° (Found: C, 726; H, 100. Cal. for C,,H,,O,: C, 7246; H, 100%) 
(Naef et Cie., F.P. 672,025, give m. p. 82-83"; Diels and Alder, Joc. cif. give m. p. S8-5--89".) When 
the oxidation was carried out completely at room temperature (cf., méer a/., Jitkow and Bogert, lec. ci), 
the yield of acid was considerably reduced. 

2:2: 4: 6-Tetramethyicyclohexancaldehyde (X1).—The unsaturated aldehyde (5-0 g.) in ethanol 
(30 ¢.c.), after being freed from catalyst poison by shaking with Raney nickel! in the usual way, was 
shaken in hydrogen with a palladium-calcium carbonate catalyst (0-0 g., 6% Pd) until at tion was 
complete (867 c.c., corresponding to 1:15 ). Removal of the catalyst “and solvent, followed by 
distillation of the residue, gave 2: 2: 4: 6-tetramethyicyclohexencaldehyde (3-4 «., fal b P v2 
95° /18 mm., «FP 1-4560 (Pound: C, 790; H,123. C,,H,O requires C, 78-6; H, 110%). The?) 4a 
nitrophenyihydrazone crystallised from ethanol in yellow needles, m. p. 150 (Found N, 1625 
Cy,H,,O,N, requires N, 16-1%). When the hydrogenation was carried out on a larger scale, slightly 
lower yields of the saturated aldehyde were obtained. 


1-Bromo-2 2. 4. 6-tetramethyic yclohexancaldehyde =. —A solution of bromine (104 g.) m 
chloroform (15 c.c.) was added dropwise to a stirred and ice-cooled suspension of calcium carbonate 
(6 g.) in chloroform (30 c.c.) and the saturated aldehyde (10-6 g.), the rate of addition being such that the 
temperature of the reaction mixture was kept at ca. 15°. After being stirred for a further 2 hours at 
room temperature and being set aside overnight, the mixture was filtered, and the solvent removed from 
the filtrate under reduced pressure. Distillation of the residue gave an unstable liquid (7-9 g.; 50%), 
b. p. 63-—-70°/0-01 mm., #ff 1-496, consisting essentially of the bromo-aldehyde (Found: C, 56-0, H, 8-05 
C,,H,,OBr requires C, 53-45; H, 7-75%,). 

2.2.4: 6 Tetramethyicyclohex-O-encaldehyde (4-Methyi-B-cyciocitral) (X111).—The bromo-aldehyde 
(7-8 g.) and a (15 g.) were heated to — in nitrogen The solution was refluxed for 
2 minutes, and then cooled as rapidly as possible; diethyl hydrobromide crystallised out 
Working up as before gave crude 4-methyl-6-cyclocitral (3-6 g.) as a pleasant smelling liquid, b p. 100 
110°/15 mm., nf 1-491. Treatment with semicarbazide acetate in aqueous methanol in the usual way 
y ielded the semacarba sone (2-2 g.; 31% based on the bromo-aldehyde}, —_ erpeerien’ from aqueous 
methanol in plates, m. p. 177° (Found: C, 64-8; H, 955; N, 19-25 ,ON, requires C, 64-55 
H, 95; N, 188%) Light absorption: see Table. The 2. 4-dinitr tenybhy dra crystallized from 
ethanol in red plates, m. p. 131-—132° (Found: N, 164. C,,H,,O,N, requires N, 162%). Light 
absorption . see Table. 
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578. The Chemistry of the “ Insoluble Red” Woods. Part IV. 
Some Mixed Benzoins. 
By G. G. Bapcock, G. W. K. Cavitt, Atexanper Rosertsox, and W. B. Watery. 


The benzoin structure tentatively suggested in Part III (/., 1949, 1571) for the keto-phenolic 
oxidation product C,,H,O,(OMe), obtained from O-trimethylsantal and from 2-hydroxy- 
4:6:3°°4 -tetramethoxydeoxybenzoin with potassium permanganate has been confirmed 
Similarly, the oxidation products of 2-hydroxy-4 : 6-dimethoxy- and 2-hydroxy-4 : 6: 4’- 
trimethoxy-deoxybenzoin are the respective benzoins. 

Methylation of 2-hydroxy-4-methoxy-, 4-ethoxy-2-hydroxy-, and 2-hydroxy-4: 6-di 
methoxy-deoxybenzoin with methy! iodide and potassium carbonate in boiling acetone has been 
shown to give respectively 2: 4-dimethoxy-, 4-ethoxy-2-methoxy-, and 2: 4: 6-trimethoxy- 
a-methyldeoxy benzoin 


By the oxidation of O-trimethylsantal and its hydrolysis product 2-hydroxy-4: 6: 3 : 4’- 
tetramethoxydeoxybenzoin (I; R =< H) with potassium permanganate a phenolic ketone 
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C,,H,O,/OMe), was obtained which gave a methyl! ether identical with the compound formed 
by the ontdation of 2:4: 6: 3 : 4’-pentamethoxydeoxybenzoin (I; R =< Me) with the same 
reagent (Part III, foc. cif). In the course of attempts to define the nature of this unexpected 
oxidation product it was observed that the closely related 2-hydroxy-4 : 6-dimethoxy-, 2-hydr- 
oxy-4: 6° 4°-trimethoxy-, and 6: 3° ; 4’-triethoxy-2-hydroxy-4-methoxy-deoxybenzoin under- 
went oxidation in a similar manner, and the possibility was envisaged that the products were 
in all cases the corresponding benzoins (Part III, joc. cit). The production of mixed benzoins 
in this way does not appear to have been described previously and the present work was under- 
taken in order to clarify the constitution of the foregoing oxidation products. It also appeared 
desirable to test further the use of lead tetra-acetate as an agent for the conversion of deoxy- 
benzoins into benzoins (Robertson ef al., J., 1949, 1567), more especially since the methods 
hitherto available for the preparation of mixed benzoins are somewhat limited in their scope 
(compare “ Organic Reactions,” edited by R. Adams, Vol. IV, New York, 1948, p. 269) 

As observed with deoxybenzoin (Joc. cil.), it has been found that on oxidation with lead 
tetra-acetate 2: 4-dimethoxy-, 4-ethoxy-2-methoxy., 2:4: 4’-trimethoxy-, 2 : 4 : 6-trimethoxy- 
2:4: : #'-tetramethoxy-, 2:4:6; 4'-tetramethoxy-, and 2:4:6:3 : 4’-pentamethoxy- 
deoxybenzoin, type (1), gave rise to the respective 2-O-acetylbenzoins of type (IV; R = Me, 


yor ree ,OH ‘on 
\-co-cn, S0Me _crom:cn: J-com), com: 
ie \7 / 
© 
(1) aL.) an.) 


R’ = Ac) which on hydrolysis furnished the corresponding benzoins of type (IV; K =— Me, 
K’ « H). Thus the phenolic ketone C,,H,O,(OMe), and its methy! ether (Part III, loc. cit.) 
are respectively 2-hydroxy-4 : 6: 3° : 4’-tetramethoxy- (IV; Rand R’ = H)and2:4:6:3: 4- 
pentamethoxy-benzoin (IV; K « Me, R’ «= H). Further, since the methyl! ethers of the 
oxidation products obtained from 2-hydroxy-4: 6-dimethoxy- and 2-hydroxy-4 : 6: 4’-tri- 
methoxy-deoxybenzoin with potassium permanganate have been found to be identical with 
2:4: 6-trimethoxy- and 2: 4: 6: 4'-tetramethoxy-benzoin, respectively, it is clear that the 
parent compounds are 2-hydroxy-4: 6-dimethoxy- and 2-hydroxy-4: 6 : 4’-trimethoxy- 
benzoin. By analogy, the oxidation prodect formed from 6: 3 : 4’-triethoxy-2-hydroxy-4- 
methoxydeoxybenzoin with potassium permanganate (Part III, loc. cif.) is the corresponding 
benzoin. In the conversion of deoxybenzoins of type (1; RK =< H) into benzoins of type 
(IV; Rand R’ « H) with potassium permanganate the oxidation clearly takes place by the 
addition of hydroxy! groups to the double bond of the enolic form, type (II), resulting in the 
mtermediate, type (111), which by loss of water yields type (IV; R and R’ « H). 

When 2-hydroxy-4-methoxydeoxybenzoin was methylated by methyl iodide—potassium 
carbonate there was obtained in place of the expected 2 : 4-dimethoxydeoxybenzoin a product 
which we consider to be 2: 4-dimethoxy-a-methyldeoxybenzoin. Although the analytical 
values for carbon given by this product and its oxime were consistently slightly lower than 
those expected for 2: 4-dimethoxy-a-methylideoxybenzoin, the oxidation of the compound 
with aqueous-acidic potassium permanganate to give acetophenone clearly shows the presence 
of the amethyl group. In agreement with this structure the compound was resistant to 
oxidation with potassium permanganate by the method described in Part III (loc. cit.) as well 
as to the action of lead tetra-aceate under vigorous conditions. On account of the well- 
established tendency of resorcinol and phioroglucinol derivatives to undergo nuclear metbyl- 
ation, we examined the behaviour of the other 2-hydroxydeoxybenzoins employed in this work 


Met if 
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By the methy! todide-peotassium carbonate method 2-hydroxy-4 : 4’-dimethoxy-, 2-hydroxy- 
4:3: 4 -trimethoxy-, 2-hydroxy-4:6: 4'-trimethoxy-, 2:4: 3°: 4'-tetramethoxy-, and 
4° 6: 4’-triethoxy-2-hydroxy-3’-methoxy-deoxybenzoin gave the expected 2-O-methyl ethers 
but, like 2-hydroxy-4-methoxydeoxybenzoin, 4-cethoxy-2-hydroxy- and 2-hydroxy-4: 6- 
dimethoxy-<deoxybenzoin gave the a-methy! derivatives, type (V), of the 2-O-methyl ethers. 
As in the case of 2: 4-dimethoxy-«-methyldeoxybenzoin, 4-ethoxy-2-methoxy- and 2: 4: 6- 
trimethoxy-a-methyideoxybenzoin gave slightly low analytical values for carbon. The 
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structure of the normal methylation products, type (I; R = Me), was confirmed by their 
preparation according to the method of Friedel and Crafts. 


EXPERIMENTAL. 


2 : 4-Dimethoxybensoun.—The following method for the preparation of 2. 4-dihydroxydeoxy benzoin 
is superior to that of Chapman and Stephen (/., 1923, 188, 404) who employed the Hoesch reaction. To 
an agitated solution of resorcinol (24 g.) phenylacety! chioride (30 mi.) in nitrobenzene (100 mil.), 
powdered aluminium chloride (40 g.) was added in 4 portions with occasional cooling during 14 hours 
and 24 hours later the mixture was treated with ice (300 ¢ ) and concentrated hydrochloric acid (40 ml } 
After the removal! of the nitrobenzene with steam the viscous uct was crystallised from aqueous 
alcohol, giving 2 | 4-dihydroxydeoxybenzoin in colourless tes (31-5 g.), m 115°, which gave a wine- 
red ferric reaction in alcohol. Methylation of the ketone (5 g.) with methy! iodide (1-5 ml.) and potassium 
carbonate (6 g.) in boiling acetone (60 mi.) during 3 hours furnished 2-hydroxy-4-methoxydeoxybenzoin, 
which formed long colourless prisms (4-5 g.), m. p. 88°, from light petrolewm (b 80100") and had a 
red-brown ferric reaction (cf. Tambor, Ber, 1910, 43, 1884, who gives m. p. 90°). Methylation of the 
2-hydroxy-4-methoxydeoxybenzoin (0-5 g.) with methyl! sulphate (2 mi.) and an excess of potassium 
carbonate in boiling acetone (50 ml.) during 3 hours gave 2 | 4-dimethoxydeoxybenzoin, m. p. 48°, which 
had a negative ferric reaction (Tiffeneau ef al. give m. p. 48°, but Tambor, Joc. of., and Baker and Robin 
son, J., 1932, 1798, give m. p. 56°). The same compound, m P 48°, was prepared from O-dimethy! 
resorcinol and yiacetyl chioride by the method employed for 2. 4-dihydroxydeoxybenzoin. The 
oxime, m. p. 121°, was obtained by the pyridine method (Baker and Kobinson, loc. et.) 


A solution of 2: 4-dimethoxydeoxybenzoin (0-7 g.) and lead tetra-acetate {1-3 g.) in acetic acid (14 ml.) 
which had been kept at 100° until a test portion gave a negative reaction for lead tetra-acetate (about 
2) hours), was cooled, diluted with water (70 ml.), and extracted with ether. The combined ethereal 
extracts were washed with 2n-aqueous sodium hydrogen carbonate, dried, and evaporated, leaving an 
vily residue which did not solidify. When a solution of this product in aleohol (14 ml.) was mixed with 
2n-aqueous sodium hydroxide (7 ml.) and kept for 24 hours 2 . 4-dimethorybensom separated and, on 
crystallisation from alcohol, formed flat yellow prisms (0-17 g.), m 104°, having a negative ferric 
reaction in alcohol (Found: C, 70-6; H, 60. C,,H,,.O, requires C, 70-6; H, 5 9%). 


2 : 4-Dimethory-e-methyideoxybenzoin (V; R = Me).—Methylation of 2-hydroxy-4-methoxydeoxy- 
benzoin (0-5 g.) with an excess of methyl iodide (5 m}.) and potassium carbonate (5 g_) in boiling acetone 
30 ml.) during 30 hours gave 2 : 4-dimethory-a-methyldeoxrybensoin which formed colourless, rhombic 
tablets (0-36 g.), m. p. 695°, from alcohol, insoluble in 2~x-aqueous sodium hydroxide and having a 
negative ferric reaction (Found: C, 75-0; H, 6-5; OMe, 210. C,,H,O(OMe), requires C, 755, H, 
&7, OMe, 23-00%). Prepared by the pyridine method, the oxime separated from ethy! alcohol in thin, 
colourless prisms, m. p. 125° (Found: C, 709; H,6@5; N, 49. C,,H.O,N requires C, 71-6; H, 6-7 
N, 49% 

10% Aqueous potassium permanganate was gradually added to a solution of 2: 4-dimethoxy-a- 
methyideoxybenzoin (1 g.) in a mixture of acetic acid (20 mil.) and concentrated sulphuric acid (1 mi.) 
until the pink colour of unchanged permanganate persisted. The mixture was diluted with water, 
clarified with sulphur dioxide, filtered to remove a trace of unchanged deoxybenzoin, and treated with 
an excess of aqueous 2 4-dinitropheny!hydrazine sulphate. 2 Hours later the precipitate was collected, 


dried, and crystallised from ethyl acetate, giving acetophenone 2 . 4-dinitrophenylhydrazone, m. p. 244", 
identical with an authentic specimen 


4-Ethory-2-methorybenzowm.—-Ethylation of 2 : 4-dihydroxydeoxybenzoin (21-5 g.) with ethy! rodide 

7 mi.) and potassium carbonate (25 g.) im boiling acetone (200 mi.) during 3 hours gave 4-cthory-2- 
hydroxydeoxybenzowm, which separated from light petroleum or alcohol in colourless, , slender, rect- 
angular prisms (16-4 g.), m. p. 86°, having a red-brown ferric reaction in alcohol (Found: C, 751; H, 
63. CygH,O, requires C, 75-0; H, 63%). Methylation of this compound (6 g.) with methy! sulphate 
10 mi.) and potassium carbonate (20 g.) in boiling acetone (150 ml.) during 3 hours furnished 4-ethory- 
2-methoar ydeorybenzam, which was purnhed by distillation and then by crystallisation from alcohol, form- 
ing feather-like clusters of colourless needles (4-9 g.), b.p. 180° /0-4 mm., m. p. 53-5°, and having a negative 
ferric reaction (Found: C, 75-7; H, 60 Cif, .0- wires C, 75-5; hi. 67%). The oxime of the 


mixed ether separated in colourless slender prisms, m. p. 126°, from alcohol (Found : N, 5-2. C,,H,sO,N 
requires N, 49% 


Oxidation of 4-ethoxy-2-methoxydeoxybenzoin (1 g.) with lead tetra-acetate (1-8 g.) in acetic acid 
20 mi.) at 100 during 3 hours followed by deacetylation of the product gave 4-ethoxy-2-methoxybenzoin, 
forming, from alcohol, tiny colourless prisms (0-33 g.), m.p. 01-5", which retained indefinite amounts of 
solvent of crystallisation. The solvent-free compound, m. p. 91-5" (unchanged), was obtained by dis- 
tillation in a vacuum at 140°/0-003 mm. (Found: C, 71-6; H, 63. C,,H,,O, requires C, 71-3; H, 
63%). A specimen of this compound was prepared by the following alternative route and found to 
have the same properties. Oxidation of 4-ethoxy-2-hydroxydeoxybenzoin with potassium permanganate 
by the method described in Part III (loc. cit.) gave 4-ethoxy-2-hydroxybensoin, which separated from alcohol 
in colourless rhombic — m 82° (Found, in specimen illed in a high vacuum: C, 70-8, H, 5-9 
C¢H,,0, requires C, 70-6; H,5-9%). Methylation of this compound by the methy! sulphate—potassium 
carbonate method gave 4-ethoxy-2-methox zoin, m. p. and mixed m. p. 01-5", after purification 
4-Ethory-2-methory-a-methyldeorybenzoin. Se 4-ethoxy-2-hydroxydeoxybenzoin with an 
excess of methyl! iodide and potassium carbonate in boi acetone during 21 hours furnished a product 
which separated from alcohol in colourless rhombic tablets, m. p. 53°, baving a negative ferric reaction 
and considered to be erm CR ET YE » (Pound: C, 764, H, 73; OAlkyl, 24-6. 
C,H, ,O(OMe)(OEt) requires C, 760; H, 7-1; OAlicyl, 266%. Prepared by the pyridine method, the 
9D 
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ime separated from ethanol m colourless, fat prisms, m. p. 121° (Pound: C, 71-3; H, 51 
Cult, OLN requires C, 720, H,76: N. 47%). Oxidation of the compound aed dieesived in sort 


acid (10 mi) comtaining concentrated sulphur acid (0-5 mi), with 10%, perm 
gave rise to acetophenone, isolated as the 2 ¢-dinitrophenythydrazone ole Z h. m. p. 244 


2. 4) & Trimethorybensoin — The interaction of resorcinol (16 g }, p-methoxyphenylacety! chloride 
(20 g}, and alominiam chicride (27 g ) im nitrobenzene (100 mi.) at room re for 24 hours and 
treatment of the reaction mixture with ice and concentrated hydrochiori acid followed by the removal 
of the aitrobenzene with steam gave 2 é-dihydroxy-4 -methosydeoxybenzusa, which formed colourless 
ges4), =) p. 158", from alcohol or light petroleum (Pound  C, 69-8; H,5-5. Cale. forC,,H,.O, 
7. HOS ccampare Raker and Eastwood, /., 1929, 2902). Methylation of this ketone (10 g.) 
with methyl (3 m}.) aad potassium carbonate (15 g ) 1m bosling acetone (150 mi.) during 3 hours 
gave 2hydroxy4 « get Fe §’ m 104°, after purification from alcohol 
(Pound: C, 704, H,60. Cale. forC,,H,.O, H, 5-0%), the ypertes of which were identical 
with the ether prepared with diazomethane by Wessely and Lechner ( onatsh., 1931, 57, 395). By the 
methyl! sulphat carbonate method 2-hydroxy-4 | 4 ethoxydeoxy 201n was converted 
into 2 4.4 -trimethoxydeoxybenamnn, m. p. 84° (Baker and Kobinson, J. 1932, 1798), characterised 
by comversion into the camwe, colourless prisms, m. p. 104°, from aleohol (Found: N, 4-8 C,H ON 
requires N, 47%). The same trimethyl ether was formed by methylation with excess of methyl rodide 
and potassium carbonate in baling acetone for 21 hours, or by coadensation of O-dimethylresorcino! 
3g.) and p methoxyphenylacety! chloride (4 g.) with al ch de (3 g.) in nitrobenzene (50 mi.) 


Oxidation of 2.4 4'-trimethoxydeoxybenzoin (1g) with lead tetra-acetate (1-6 g.) in acetic acid 
20 mi} at 100° dering 34 hours and subsequent hydrolysis of the product furnished 2. 4° 4’-trrmethory- 
benoon (0-4 g.), which separated from alcohol in slender, colouriess needles (0-4 g.). m p. 94 (Found 
€, 67-4; H. G1. Cys, Oy requires C, 67-5, H, 60%) 


24°23) &- Tetramethorybensoin — Prepared by the interaction of resorcinol (8-5 ¢.) 3 4-<himethoxy- 
phenylacety! chloride (10-9 |, and aluminium chioride(15¢@ ) in nitrobenzene (60 mi ) in the usual manner, 
2 4-dihydrory 3d 4d wydecaybenson formed colourtess irreg a? pe (tz J &). mp 177-5 
from aqecous alcohol, having a wine-red ferric reaction (Found H, 57 oH, ,O, requires 
©, 667, H, 56%). Treatment of this compound (11 g.) with methyl todide (4 mt} and p potassium 
carbonate (15 ¢.) in boiling acetone (150 mi} for 3 hours gave rise to 2-Avdrory-4 3’ 4’ -trimethoxy 
deosybensnn, torming sender needles (0-4 g ). Le => = from light petroleum or alcohol and having a 
red-brown ferric reaction (Found: C, 67-4; 3. C\,H,O, requires C, 67-56; H. 60%). Methyl- 
ation of 2-hydroay-4 3 own tien edi. Lawl by the methy! salphate- or the methy! ied 
potassium carbonate methed yielded 2 4 7 4 fetramethorydeorybensom, which crystallised from 
alcohol in small colourless needles, m. p. 101°, having a negative ferric reaction (Found: C, 683. H, 6-3 
Ceti, requires C, 683, H, 64%). The same compound, m. p. and mixed m. p. 101°. was obtained 
by condensation of 3. 4-dimethoxyphenylacety!l chlonde and O-dimethyiresorcinol with aluminium 
chloride, The oxime rated from ethanol in colourless squat prisms, m. p. 135° (Pound: N. 45 
Cygllg,O,N requires N, 4.2%) 

Oxidation of 2.4.3: 4'-tetramethoxydeexybenzoin (1 g.) with lead tetra-acetate (1-4 @.) in acetic 
acid (20 mi) at 100° during | hour and subsequent deacetylation of the product gave 2.4.3 | 4 detra- 
metheaybenzoim (0-4 9.), which separated og alcohol in slender, yellow prisms (0-4 ¢), mp. 04, 
having a negative ferre reaction (Found , 660; HSS C,,HO, requires C, 65-1; H, 61%) 


2:4) 6 Trimethoryhenroin - + seceneahlrtiee- tenet was prepared by the following modification 
of the method described by Chapman and Stephen (/oc. cif.). The brown oil, which rated during 
24 hours from a mixtere of phiorogtuciol (20 g.), benzy! cyanide (20 g }, zinc chloride (8 g.), and ether 
(200 mi.), saturated with hydrogen chionde, was washed with ether and heated with water (200 ml 
at 100° for 2 hours. On cooling the hydrolysate deposited 2: 4: 6-trihydroxydeoxybenzom hydrat« 
(17 3@.). m. p. 162°, after loss of water at #0". Methylation of this ketone (#6 g.) with methyl sulphate 
(64 —.) and potassium carbonate (20 g ) in boiling acetone (75 mi.) during | hour gave 2-hydroxy-4: 6 
dimethoxydeoxybenzoin (6-6 g.), m. p. 117°, after purification (Part III, loc. cit.) Treatment o this 
dumethy! ether with an excess of the same methylating agents for 3 hours gave 2. 4 6-frimethorydeos) - 
benszosn, which formed slender, colourless prisms, m. p. 72° (from alcohol), having a negative ferric reaction 

Pound: C, 71-3, H,63. C,,H,,O, requires C, 71-3; H, 63%) 


Oxidation of 2: 4: 6-trimethoxydeoxybenzoin (2 z.) by the lead tetra-acetate method at 70° gave 
rise to a very amall yield of 2) 4. 6-irimethorybensom, forming colourless prisms, m. p. 135-5", from 
alcohol (Found: C, 661; H, 60. C,,H,,O, requires C, 663, H, 60%) The same benzoin, m. p 
and mixed m. p. 135.5°, was formed on methylation of 2-hydroxy-4 © 6-dimethoxybenzoin (Part IIl 
loc eit) Dy the methy! sulphate potassium carbonate method 


2.4. 6 Trimethory-a-methvidearyben:oin —-When 2-hydroxy-4 | 6-dimethoxydeoxy benzoin 
was methylated with methyl iodide (5 mi.) and potassium carbonate (5 g.) in boiling acetone (50 al } 
the product was 2) 4 ©-wimethosy-e- methyldeoxybencoum, which separated from alcohol in colourless 
plates (0-5), m. p. 101°, a in 2N-aqueous —* hydroxide and having a negative ferric reaction 
(Found: C, Ti4, H, 62 H,,0, requires C, 720; H, 67%). Oxidation of this compound (O58 } 
dissolved in acetic acid (10 ie . with a slight excess of 10%, aqueous pot permanganate gave 
acetophenone, isolated as the 2. 4-dinitrophenylhydrazone, m. p. 244 


2.4.6) 4. Tetramethosybensoin —Prepared by the interaction of phloroglacinol (20 g.), p-methoxy- 
henzy! cyanide (20 ¢.), and zinc chloride (8 g) im ether (200 mi), saturated with h chiorde, 
during 24 hours and hydrolysis of the resulting oily ketumine hydrochloride with water (200 ml.) on the 
steam-bath, 2.4 6-tridydrosy-4 -methorydeorvbensom crystallised from aqueous alcohol or ethy! 
acetate-light petroleum as a Aydrate in slender, colourless prisms (25 ¢), m. p. 195°, having a red-brown 
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terre reaction (Found. C, 61-6; H, 55. oy ia Cray eg 614; Hi, &5% 2 

men dred ina vacuum at 100°. C, 65 Sac 

under reflux with methyl sulphate (18 ml.) and 

pee oe neh (24 g.) gave 
owed (34 4) gave Shydrony-'6 me With an excess of the quake Collages 

carbonate method this ether was converted into 2: 4:6: 


yellow 204° 0-8 ha negative ferric reaction (Found: C. 
» requires C, C83 HE 84 ed 

ound Cy, ON, requires C. 
is from ethanol in colourless, = 


The oxtme — prisms, m. p. 190° 
ation of O-trimethyt 3¢) a p-methoxyphenylacet yl chloride 6) with aluminum 
chioride (3 g.) in nitrobenzene ° (10 mi.) at 0° during 24 hours and gave the 2 : Eeccasapienes 
m. p. 178 


Oxidation of 2: 4:6): 4% -tetramethoxydeoxybenzoim with lead tetra-acetate gave a = ofa 


product from which 2:4: 6: bw hetrameth was obtained by rete. 
formed small, squat, irregular, y ellow pnsms, m. p. 137", Tens ciahel ened H, 5-7. Cae P37 
requires C, 65-1, H, 61%) Ate was identical with a men prepared by methylation of 2- -hydroxy- 
46:4 -trimethoxybenzoin (Part IIL, loc. est.) with yl sulphate aad pot carbonate in boiling 
« etone 

2. 4:6:3' : 4-Pentamethorybensoin (IV; R « Me, R’ « H).—Pr by the Hoesch reaction 
from phioroglucinol (18 g.) and 3: 4-dimethoxybenzy! cyanide (18-6 g.), 2:4. 6-trihydrory-3': 4 
"or “Te separated from dilute alcohol as a Aydrate (21-5 g.) tn amall colourless needles, 
m. p. 181° (Found 59-6; H. 56. C,,H,.O,H,O requires C, 596; H, 56%. Found, in dried 
specimen : C, 62-8; i, ‘o4 Cyl Oe reqaires C. 63-2; +3). Methylation of this ketone (20 g.) 

117" 








with methy! sulphate (17 mi.) and potassium carbonate (20 g.) in acetone (20 ml.) du 3 hours 
gave 2-hydroxy-4:6:3' 4’-tetramethoxydeoxybenzain, m. Ill, dor. ct.). A solution of 
this compound (6 g.) in acetone (120 mi.) containing methyl iodide (12 ml.) and um carbonate 
(12 g.) was boiled for 12 hours. On isolation and tion the resulting 2. 4: 6: 3’ : 4’-pentamethoxy- 
deoxybenzoin had m. p. 110°, and was identical with an authentic specimen (Part III, loc. cit.) The 
same compound (3-5 g.), m. p. and mixed m. p. 110°, was obtained by condensation of O-trimethyiphioro- 
glucinol (3 g.) and 3: 4-dimethoxyphenylacety! chloride (3-8 g.) with aluminium chloride (3 g.) in nitro- 
benzene (10 ml.) at 0° during 24 hours. 


Oxidation of the foregoing pentamethy! ether (1 g.) with lead tetra-acetate (1-3 g.) in acetic acid 
(20 ml.) at 100° for 45 minutes and deacetylation of the product gave rise to 2: 4: 6: 3’: 4'-pentamethoxy- 
benzvin (0-5 g.). m. p. 174", after purification, identical with t methyl ether of the oxidation produ t 
from O-trimethylsantal (Part IIL, loc. est.). 

4:6: 4'-Triethoxy-2 : 3'-dimethoxydeorybenzoin.—On methylation by the methy! iodiie- potassium 
carborate method, 2-hbydroxy-3-methoxy-4 : 6: 4’-triethoxydeoxybenzoin (Part III, Joc. eft.) gave 
4 6: 4'-tricthoxy-2 : 3’-dimethoxydeoxybenzom, which separated from alcohol in slender, colourless 


needles, m BS iv", —_ a negative ferric reaction in alcohol (Found: C, 68-1; H, 72. C,,H,.©, 
requires C, 680; H, 7: 3% 


Usiversrry or Liverroo: [Reesived, June Ind, 1950. 


579. The Chemistry of Fungi. Part XII. The Synthesis of 6: 7'- 
Dimethoxy-2 : 4-dimethylchromeno(3’ : 4'-5 : 6)pyranol Identical with 
a Derivative of O-Dimethyleitromycin. 


By |. B. D. Mackenziz, ALBEXaNpeR. Ropertson, and W. B. WHattey 


The revised structure an) roposed for O-dimethylcitromycin (Part X1, loc. cit.), and hence 
those for citromycin (I; ~My and citromycetin (1; R = CO,H), have been confirmed by the 
synthesis of 6’: 7 wath Lely -2 : 4-dimethyichromeno(3’ : 4’-5 : 6)pyranol (V). This pyranol, 
which was formed by the condensation of 6 : 7-dimethoxychromanone (V1) and acetylacetone 
with phosphoryl chloride, is identical with the base obtained by the interaction of O-dimethy!l- 
citromycin ond matey hylmagnesium iodide. In the attempted preparation of 6 : 7’-dimethoxy- 
4-pheny!-6-methyichromeno(3’ : 4°-3 . 2)pyranol (I11) from O-dimethyicitromycin an anomalous 
product was obtained which appears to be 6° : 7’-dimethoxy-6-methyichromeno(¥’ ; 4’-3 - 2) 


" ‘The syntheses of 5: 7-dimethoxy-2 : 4-dimeth yibenzpyranol (IX) (two routes) and of 
6 i-dimethoxy. (X; Re oy * -w 4" 7-dimeth in (X ; R » OH) 
are described. Attempts to obtain i biccthes Sesandaamne ane were un- 
successful. 





Ow the basis of any one of the possible y-pyrone type of formale developed for O-dimethyi- 
citromycin in Part III (/., 1949, 848; compare Part XI, /., 1950, 1031) it appeared likely that 
the carbanyl group in the y-pyrone residue would react with Grignard reagents, giving rise to 
pvranol bases of type (III) which could be suitably characterised by the formation of pyrvlium 
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salts in the usual manner. Thus in a base of the type (111) the carbon atom originally present 
as the carbonyl group of the y-pyrone residue on O-dimethylcitromycin is labelled by the 
attachment of a pheny! residue and hence its fate on degradation of the compound is more 
easily followed. Consequently, to obtain further analytical evidence in support of formula 
(Il) for O-dimethylcitromycin (Part XI, loc. cit.) a study of the hydrolytic decomposition of the 
pyranol (111) was planned simultaneously with the experiments described in Parts IX (/., 
1950, 895), X (J., 1950, 903), and XI (lec. cit). Unexpected difficulties were encountered, 
however, in attempting the preparation of (111) by the interaction of O-dimethyleitromycin 
with phenylmagnesium bromide and the project. was abandoned when an independent synthesis 
of the analogous pyranol (V) was discovered. 


2 o 
HO , Mex’ \/ “CH, 
HO MeO \ 


cy 
HO Me 
(vil) (‘VUL) (T™.) 


The interaction of O-dimethyicitromycin with a molecular proportion of methylmagnesium 
walide furnished a complex which on decomposition in the usual manner regenerated unchanged 
O-dimethyleitromycin, a result which is clearly due to the reactive methylene group taking up 
the Grignard reagent (cf. Part LI, joc. cit). When, however, an excess of methylmagnesium 
uxlide was employed at room temperature a complex mixture was obtained from which 
6’ : 7’-dimethoxy-2 : 4-dimethylchromeno(¥’ : 4'-5: 6)pyranol (V) could be isolated only by 
way of the picrate. In an attempt to isolate the parent pyranol base (V) from a solution of 
the crude picrate in benzene by chromatography on aluminium oxide two main zones were 
obtained which on elution furnished unchanged O-dimethylcitromycin and a remarkably stable 
picrate, m. p. 256°, respectively. This picrate, which was recovered unchanged alter repeated 
crystallisation from solvents, gave anomalous analytical results and on treatment with per 
chioric acid and with hydroferric chloride was converted into a perchlorate and a ferrichioride, 
respectively, which also gave anomalous analytical results. Obtained from the perchlorate 


Natural perchlorate (see Fig. | Synthetic perchlorate 

A, MAX, Mp ¢, max A, min., tp Max.. Mp. €, Max . mi ¢, min 
MS 9 650 ’ 7 365 9 690 ’ 3.600 
om 6.340 275 i zu 5,810 275 4,770 
243 12,600 23 7 243 12,400 q 16,660 

Natural picrate, m. p. 2! decomy Synthettc Picrate, ¢ decomp 

A, MAx., Mp ¢ max 4 m tut MAX... Tip ¢. max »_™ ¢,. min 
5 23,807 : . 365 23,347 : 5,932 
205 11.14 7 2 205 10,327 275 7,34 


242 26.245 33 2 242 24,140 2] 24,277 


im the usual manner, 6 : 7°-dimethoxy-2 : 4-dimethylichromeno(3’ : 4°-5 : 6)pyranol (V) formed 
a highly soluble chionde and with pcre acid yielded a product which on chromatography 
followed by reerystallisation regenerated the picrate, m. p. 256° (decomp.). In the course of 
experiments on the synthesis of O-dimethyvicitromycin and related compounds (unpublished 
work) it was found that this pyvranol (V) was formed in small vield by the condensation of 
acetylacetone and 6: 7-dimethoxychroman-4-one (VI) with phosphoryl chloride. The 
synthetic base (V) was isolated from the reaction mixture by the formation of a picrate which 
on chromatography furnished the characteristic picrate, m. p. 256° (decomp.), identical with 
the derivative obtained from U-dimethyleitromycin and forming the anomalous perchlorate 
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and ferrichloride derivatives. Prepared from its perchlorate, the synthetic pyranol (V) was 
identical with the natural derivative, and this identification was confirmed by a comparison 
of the ultra-violet absorption spectra of the natural and synthetical picrates (Fig. 2) and 
perchlorates (Fig. 1) 

In conjunction with the analytical evidence described in Parts III and XI (Joc. cif.) the 
synthesis of the pyranol (V) serves to confirm the angular structure (II) assigned to O-dimethy!- 
citromycin (Part X1) and, inter alia, clearly shows that the easily oxidisable reactive methylene 
group is in the 2-position of the A*-chromen residue. The formation of the pyranol (V) by the 
action of the Grignard reagent on O-dimethylcitromycin does not, however, rule out the 
possibility of the last-named compound having the a-pyrone structure (VII) but this alternative 
is entirely excluded by the observation that the hydration product of O-dimethylcitromycinone 
is a diketone and not a keto-acid in conjunction with the fact that 6 : 7-dimethoxy-4’-methyl- 
a-pyrono(5’ : 6’-3 ; 4)coumarin is isomeric and not identical with the O-dimethyicitromycinone 
(Part X, J., 1950, 903). Thus the structure (II) for O-dimethylcitromycin is conclusively 
established, and hence citromycin and citromycetin are represented by formule (I; R = H) 
and (I; R = CO,H), respectively. 


Fis. 1. Fie. 2 


ac tls 








~ natural. + =m synthetic 


With regard to the question whether the base derived from O-dimethylcitromycin is 
an x- or a y-pyranol, we consider that although the product originally formed by the hydrolysis 
of the Grignard complex may have formula (IV), the pyranol isolated from the perchlorate or 
chioride clearly has formula (V) (cf. Shriner and Moffett, ]. Amer. Chem. Soc, 1941, 68, 1694). 

It has been shown by Hetherington and Raistrick (Phil. Trans., 1931, B, 220, 200) that 
citromycin exhibits basic properties, forming a hydrobromide and a hydriodide, and in view of 
the anomalous composition of the oxonium salts derived from the pyranol (V) we examined 
the addition products formed from O-dimethylcitromycin and some acidic reagents. With 
picric acid and hydrochloric acid, respectively, this compound gave a normal picrate and 
hydrochloride, but with perchloric acid and hydroferric chloride the products were not simple 
addition compounds. From each of these derivatives unchanged O-dimethylcitromycin was 
readily recovered by treatment with aqueous sodium acetate or sodium hydrogen carbonate 

Although our studies on the interaction of O-dimethylcitromycin with phenylmagnesium 
bromide have not yet been completed it may be noted that, as in the case of methylmagnesium 
iodide, the interaction of molecular proportions of the compounds gave a complex which on 
decomposition furnished only unchanged O-dimethyicitromycin, With an excess of pheny!l- 
magnesium bromide a mixture was obtained from which basic material was separated by way 
of a picrate which on chromatography with aluminium oxide gave the remarkably stable 
picrate (A). Crystallisation of this compound from alcohol containing picric acid yielded a 
picrate (B) which on chromatography reverted to picrate (A). The parent base was regenerated 
from the chloride and from the perchlorate, respectively, which were prepared from picrate 
(A), but its analytical composition clearly showed that the compound was not a condensation 
product of type (III) containing a phenyl residue. Whilst this base, which appears to have the 
empirical formula C,,H,,O,, can be clearly differentiated from O-dimethylcitromycin by its 
chemical properties, it closely resembles O-dimethylcitromycinol. In view of the established 
reduction of ketones by Grignard reagents in suitable circumstances (cf. Whitmore ¢f ai, 
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J]. Amer. Cham. Soc., V4), 63, 643; 1942, 64, 1280) we believe that the y-carbony! group in the 
4+ position of O-dimethylcitromycin undergoes reduction with phenylmagnesium bromide giving 
the corresponding pyran-4-ol which is subsequently converted into the isomeride (VIII) by way 
of ite salts 

In model exploratory experiments 5. 7-dimethoxy-2 : 4-dimethylbeazpyranol (IX) was 
evynthesised by the two general routes employed for (V). 5: 7-Dimethoxy-2-methylichromone 
was prepared by cyclisation of 2-hydroxy-4 . 6-dimethoxybenzoylacetone obtained from 2- 
peep ad 6-dimethoxyacetophenone as well as by the simultaneous partial demethylation 

and cyclisation of 2. 4: 6-trimethoxybenzoylacetone. On treatment with methylmagnesium 
iodide, this chromone gave rise to a product from which the pyranel (1X) was isolated by 
chromatography. This base was unstable m air but was conveniently characterised by the 
formation of the well-defined 5; 7-dimethoxy-2 : 4-dimethylbenzpyrylium picrate. The 
corresponding chiorkle was extremely soluble in hydrochloric acid, and attempts to convert 
the base inte the pyrylium perchlorate or ferrichloride gave resinous products. The con- 
densation of O-dimethyiphloroglucinol with acetylacetone in hydrogen chloride-acetic acid 
gave rise to the same pyranol (LX), characterised by formation of the picrate 


al 
Hy Met \OH CH, OH 
CH-COPh Met "CO—CH-COPh 
co 
(x! xt 


As possible reference compounds expected to be required in the hydrolysis of the pyranol 
(Lil), 6: 7<timethoxy- (X. RK H) and 4-hydroxy-6 : 7-dimethoxy-3-benzoylcoumarin (X 
K « OH) were prepared by standard methods (cf. Part X, loc. cit.). In the course of numerous 
attempts to synthesise 6 7-dimethoxy-3-benzoyichroman-4-one (X1) it was found that the 
condensation of 6 . 7-dimethoxychroman-4-one and ethyl benzoate with sodium ethoxide gave 
rive to a small yield of a product which did not have the composition of the expected chromanone 
(Xl). This substance, which did not form a 2: 4-dinitrophenylhydrazone, was readily soluble 
in aqueous sodium hydroxide and gave an intense fernc reaction. It appears to be either a 
hydrated form of the enol of (XI) or, more likely, the hemihydrate of the compound (XII 
formed by the scission of the dihydropyranone ring in (X1), but we were unable to obtain the 
anhydrous compound. In this connection it may be noted that in several investigations in 
these laboratories (unpublished work) it has been frequently observed that with alkaline 
reagents chromanones of type (V1) show a marked tendency to undergo scission and in this 
respect resemble the well-established behaviour of the flavanones. The failure to achieve a 
stepwise hydrolysis of citromycetin and citromycin or their dimethy! ethers is undoubtedly 
due in the main to the presence of the potential chromanone system in these compounds (cf 
Hetherington and Raistrick, foc off, and Part IE, loc. cit.) 


EXPERIMENTAL 


Salts of O-Dimethylettromyor.—-(a) A solution of O-dimethylcitromycin (1 g.), in benzene (200 ml 
was vigorously shaken with 10~ -hydrechborne ack (20 ml.) for 10 minutes, and on being separated from 
the benzene layer the orange-red ache liquer slowly deposited the Aydrochlonde, which was collected 
24 howrs later and recry ised from LOn- reo hloric acid, forming yellow rectangular prisms, m. p 
222° (decomp.) (Found. C, 52; H, SI. C,,H,,0.C) requires C, 58-0; H, 4.8% 


5) A warm saturated solution of picric acid in 50% aqueous alcohol was added to O-dimethy!- 
citromyein (1 Cg) dissalved in hot alcohol (25 mi.), until precipitation of the picrate appeared to be 
complete fours later this compound was isolate! and crystallised from benzene, forming clusters 
of urreguiar ne isms, m. p. 180-151" (decomp.) (Found. C, 496; H, 33; N84. C,,H OWN, 
roquires ©, 50-1, HL 33; N, & IY) 

(e} A mixture of O-dimethyleittromycin (0-5 g.), perchloric acid (2 mi.), and acetic acid (2 ml.) was 
kept at about 40° until a clear solution was formed, and on being diluted with water (4 mi.) and kept 
at room temperature this mixture slowly deposited an anomalous perchlorate which formed golden 
brown prisms, m. p. 238" (decomp.), from acetic acid (Pound: C_ 53 H,46. Cale. for C,,H,,0,Cl 
C481, MH, 40%) 

(d) The addition of a concentrated solution of hydroferric chioride in hydrochloric acid to O-dimethry!- 
citromyeim im acetic acid gave a product which separated from acetic acid in slender, golden-brown 
prisms, m. p. 248° (decomp.) Found: C, 460; H, 41; Ci, 182: Fe, 7-2. Cale ra CaM, oe se: 
C379: HL 32: Cl $00. Fe, 120. Cale. for (C,H, O,, HP etl, 2H,O. C, 47-1; ai 
Fe, 73%) 

@ : T-Dimethory.2  4-dimrthylehromeno(S 4-5  O)pyrancl § (V (@) A solution of methyl 
maghesiam todkle (from ©8 ¢ of magnestam) in ether (50 mi) was added to O-dimethyicitromyvcin 
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3 ¢.) dissolved im benzene (1500 mi.). The mixture was occasionally shaken and 3 hours later was 
trested with a saturated aqueous solution of picric acid (200 mil.) containing 2n-hydrochione acid 
(14 ml). The orange benzene layer was separated, dried, and poured on a columa of aluminium 
giving three zones on development with benzene (1) a lower fone 
citromycin (0-3 g.), washed t 

with benzene methanol 


° acetic acid 1 
(decomp.) (Found: C, 46-8; H, 42; Fe, 74. Cale. for CygH ,O,ChFe ok ‘o>. M36. Pre 124 12%) 
Prepared from the foregoing hlorate derivative by means of aqueous sodiam acetate, 6 
dimethoxy-2 - 4-4 ‘-. ‘- Lage lew pare from u mt 
pte taste aooties =. p. 225° Sac C, 663; H, 64 Cy .H,.O, requires C, SoS: 
us or alcabel, soluble ta 


t petroleum. readily ae in 
cold dilute or concentra ine acl ant not pyrpltum chloride waa rea 

(6) A mixture of 6: 7-dimethoxychroman-4-one (Robertson of af, /.. 1936, 1832) (1 ¢.), acety!- 
acetone (2 mi.}, Chloride (8 ml.), and acetic acid (00 mi.) was heated © in scan on Oe 
steam-bath for minutes, and the dark reddish-brown 
treated with ice-water (200 ¢.). 
carbonate, the mixture was mixed with saturated aqueous 
curd bmw tate isolated by extraction with benzene (1 .* 3). The combined extracts were 
c picrate of the product isolated by 
water oy ae a litte aluminum ae = as in ag 


See ese ee eae eel Peps by 
(a) (Found: C, 58-5; H, 445; N, 06 As in ( ve the perchlorate derwative 
orange-brown rhombic one. & pond mixed m. p * (decomp.) (Found ; + Teed 














Cl, 6-8%), from acetic acid, and pen which 

on dark reddish-brown prisms, had m. p. and mixed m p. Caer 

43, Fe, 7: ee ote ee from the perchlorate derivative, the 5 crystallised from aq 
methanol in colourless needies, m. p. and mixed m. p. ee) Se ee Se eesere 
derivative and regenerating the picrate, m. p. and mixed m. p. 256° (decomp.), alter purification by 
chromatography. 

5 7-Dimethory-2-methyichromone.—(a) 2- ey 4: 6-dimethoxyacetoph was prepared by 
the following improved method (cf. Robertson et . 1931, 1249). A solution of O-dimethylphioro- 
glucinol (30 g.) in a mixture of acetic acid (10 = ) ‘and acetic anhydride (30 ml.) was saturated at 0° 
with boron trifluoride and 24 hours later the resulting yellow crystalline mass was treated with a solution 
of sodium acetate (60 ¢.) in water (500 ml.). From this reaction mixture 2-hydroxy-4 : 6-dimethoxy- 
peer ow m. p. and mixed m. p. 82°, was separated by a current of steam and collected from the 
cooled distillate ; yield, 20-5¢. The non-volatile solid consisted of 4-hydroxy-2 : ~~ paren aera seae 
one, which crystallised from water in almost colourless plates (9 g.), m. p. 184-—184 


A mixture of 2-hydroxy-4 : 6-dimeth etoph (5 g.), ethyl acetate (10 mi.), and pulverised 
sodium (2 g.) was heated on the steam-bath for one hour, ¢ cooled, and treated with ice-water (30 g.) 
The precipitated crystalline sodium salt of 2-Aydrory-4 : 6-dsmethoxybensoylacetone was collected, washed 
with aqueous sodium chloride, and with dilute acetic acid, giving the diketone, which 

ee ae ae needies (3-2 g.), m. p. 82° (Found: C, 6-7; H, 63. 
CygH 40>» requires C, 60-5, H, 60%). This compound gives an intense red ferric reaction in alcohol 
and is readily soluble in the usual organic solvents except light petroleum. 

The diketone (3 g.) was cyclised by bei boiled | ina By oe of alcohol (30 ml. ) and concentrated 
hydrochloric acid (2 mi.) for 2 minutes and isolated with 
water and basified with aqueous sodium h » “Capmatond from ligroin, this compound 
formed colourless prisms (2-6 g.), m. p. 124° Peend Cc, ‘4. H, 5-6. C.,H,,O, requires C, 65-5, 
H, 55%). Condensed with “oe (®2 g.) and sodium ethoxide (from 6-2 g. of he mer in alcohol 
(15 ml.), this chromone (0-2 ) gave the 3°: 4’-methylenedioxystyry! derivative, which formed golden- 
yellow prisms (0-1 g.), m. p. 164°. 

(b) A mixture of 2: 4: 6-trimethoxyacetophenone (Friedlander and Schnell, Ber., 1897, 90, 2) 52) 

10 g.), pulverised sodium (4 ¢.), and ethy! acetate (20 ml.) was heated on the steam- bath for 4 hours, 
and 24 rs later methanol (10 ml.) was added to destroy traces of residual sodium, followed by water 
(100 ml.). The mixture was acidified with acetic acid and extracted with chloroform (100 ml. = 3), 
and the combined extracts were washed with 2nN-aqueous — ere (so mi. Pas 3). Acidification 
of the combined alkaline washings with acetic : t which 
crystallised from aqueous methanol in colourless plates rane «.). 106° (Found : Cc, 624; H, 62 
H,.O, requires C, 61-9; H, 63%). This diketone is readily uble in ethyl acetate, beneene, or 

< <ifesthees and sparingly soluble in alcohol or ether. 


2: 4: 6-Trimethoxybenzoylacetone (2 g.) was refluxed with concentrated hydrochloric acid (75 ml.) 
for 4 hours and the mixture was basified with aqueous sodium hydrogen carbonate and extracted with 
chloroform (30 mi. « 3). The combined extracts were washed with dilute aqueous sodium hydroxide 
to remove traces of phenolic material and then with water, dried. and evaporated, leaving 5 : 7-di- 
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methony-2-methyichromone which formed colourless prisms (0-7 g.), m. p. 124°, from ligroin, klentical 
with a specimen prepared by methed (a). 


5 1-Dimethory-2 : 4-dimethylbenspyranoi (1X). — (4) Methyimagnesium iodide (from 1] g._ of magnestum) 
in ether (5) ml.) was added to « solution af the foregoing chromeone (3 g.) in benzene (300 mi.}, and 3 
hours later the orange-yellow mixture was heated under reflax for one hour, cooled, and treated with 
saturated aqueous pierce acd (100 mi.) followed by 2n-hydrochioric acid (0 mi}. The red benzene 
solution was separated, dred, and poured on a column of aluminium oxide, and the chromatogram 
developed with benzene, giving a dark upper and a yellow lower zone. Elution of the yellow zone 
with benzene-methanol (3 1) gave the benzpyranoi which ¢ rystaliteed from methanol in smali, colour- 
lowe priems (0-4 g.), m. p. 155° (decomp.), which quickly darkened on exposure to air. Prepared from 
this vase in the usual manner 5 7-dimethory-2 4-dimethyiben tpyrylium pecrate separated from benzene 
in greenish — isms, m. p. 172-174" (decomp.) after darkening at 160° (Pound Cc, 6-2: H 
35. N, @1. Cy H,,O.N, requires C, 51-3; H, 38; N, 94%). Owing to its extreme solubility in 
hydrochione acid the chloride could not be purthed and attempts a paeere the perchlorate and the 
ferrwhlorule trom the base were unsuccessful, only dark resinous products being obtained 


(6) A solation of phioroglucinol dimethy! ether (5 g.) and acetylacetone (5 g.) in acetic acid (20 mi.) 
was saturated at 10° with hydrogen chloride, and next day the dark red reaction mixture was diluted 
with ether, the ethereal layer was decanted, and the dark brown resniue washed with ether until almost 
all the acid had been removed A. solution of the residae in water was neutralised with 2n-ammonia 
and the resulting dark red precipitate (4.5 g.) collected, dred, and dissolved tn benzene. By chromat: 
graphy on aluminiom oxide 5. 7-dimethoxy-2  4-dimethylbenzpyranal was isolated from this solution 
and crystallised from methanol, forming colourless squat prisms (3-5 g.), m. p. and mixed m. p. 155 

jecomp.), which were unstable in air. The picrate separated from benzene in wae yellow prisms, 
m. p. and mixed m. p. 172-174" (decomp.) after darkening at 160° (Pound , 51-3; 5; 
# 4%) 

@ : T°. Dimethory-2-methyichromenc(3’ : 4-5 6)pyrancl (VII1).—A solution of phenylmagnesium 
bromide (from 0-8 ¢ of magnesium and 55 ¢. of bromobenzene) im ether (50 m!_) was added to O-dimethy! 
citromycin (3 dissolved in benzene (1500 mi.), and next day the mixtare, which had deposited an 
amorphous yellow precipitate, was extracted with Sn-hydrochioric acid (25 ml. x 3 The combined 
acidic extracts were almost neutrahsed with 2N-ammonia (about 150 mi.) and were then mixed 
with a saturated aqueous solation of picric acid. 24 Hours later the resulting orange-yellow precipitate 

5) was collected, dried, and extracted with boiling benzene (1000 ml} The cooled benzene extract 
was filtered to remove an intractable residue (1-5 g.) and poured on a column of aluminium oxide; the 
chromatogram was developed with benzene, giving 4 narrow upper zone not removed with methanol, 
a middie deep yellow sone, and a lower yellow zone. On elution with benzene-methanol (19; 1) the 
lower sone gave unchanged O-dimethyicitromycin (0-5 g.), whilst with benzene-methanol (1: 1) the 
middie zone gave picrate A, which was washed with water to remove traces of aluminium picrate and 
thea crystallised from methanol or ethy! acetate-light petroleum, forming lemon-yellow needles, m.p 
234-255" (decomp). which did not have the composition of a normal picrate of the pyranol (VI11) 
Found: C, 610; H, 43; N,@S& Cale. for C,,H,,O,,N,: C, 51-7; H, 35; N, 86°). The same 
picrate, m. p. 254-255", was obtained when the benzene reaction-liquor containing the primary con- 
lensation product was shaken with a mixture of saturated aqueous picric acid (250 mi.) and dilute 
hydrochioric acid (20 mi), and the resulting mixed solids were chromatographed. These results 
were not always reproducible and in some experiments the base or its picrate could not be isolated 


Crystallisation of picrate A from warm saturated alcoholic picric acid gave picrate B, which on 
recrystalliisation from methanol containing a little prcric acid formed clusters of orange-brown needles 
m. p. 232° (decomp.) (Found: C, 48-6, H, 34; N.#1% he addition of perchloric acid to a solution 
of mrorate A in acetic acid gave a perchlorate which crystallised from acetic acid in yellow-brown prisms 

220° (decomp.) after darkening at 220° (Found: C, 495; H, 46; Cl, 7-3. Cale. for 
C, 51-3; H, 42; Cl, 100%). Prepared in a similar manner, the ferrichloride derivative 
separated from acetic acid in long reddish-brown, glistening needles, m. p. 260-—262° (decomp.) after 
darkening at about 240° (Found: C, 490; HM, 42; Cl, 17-9; Fe, 74. Cale. for C,,H,,O,Cl Fe: ¢ 
30-4; HM, 33; Cl Bhd; Fe, 123% 


When a solution of the foregoing perchlorate in methanol was treated with aqueous sodium acetate 
and the resalting faintly coloured solation was diluted with water, 6° : 7'-dimethowy-2-methvichromen: 
3°: 4-5: O)pyrenol was precipitated in almost colourless needles. Crystallised from ethyl acetate 
this compound formed very pale fawn, squat rectangular — m. p. 221-222" (decomp.) which on 
admixture with O-dimethyicitromycin meited about 200 ound: C,648; H,53. C,.H,,O, requires 
©, 652; H, &8%). This compound was moderately soluble in methanol or alcohol and sparingly 
soluble in light petroleum. With perchloric acid the base gave the perchlorate, m p. 228—229 
decomp.), and with alcoholic picric acid it gave picrate B, m. p. 232° (decomp 


When a solution of the pyranol in ethyl acetate was saturated with hydrogen chloride an almost 
quantitative yield of a chionde was obtained in rosettes of orange-yellow needles, m. p. 217-218 
(decomp.) after darkening at 210° (Found: C, 64-1; H, 56, Cl. @8. Calc. for C,,H,,0,Cl: C, 61-1 
H, &1; Cl, 12-1%). This compound was extremely soluble in dilute or concentrated hydrochloric acid 
and could not be recrystallised by the usual methods 


6 7-Dimethory-3 benrovicoumarin (X: R H Piperidine (0-5 ml.) was added to a solution of 
2-hydroxy-4 : 5-dimethoxybenzaldehyde (Head and Robertson, /., 1931, 32) (2 g.) and ethyl! benzoy! 
acetate (2-5 g.) in warm methanol, and 24 hoars later the vellow product was isolated and crystallised 
from ethyl acetate, giving the 6 7-dimethory.3-bearoylcoumarin in lemon-yellow needles (2 g.), m. p 
206° (Pound: C, 700; H. 44. C,,H,.O, requires C, 60-7, H, 45% This compound, which had a 
negative ferrm reaction in alcohol, was sparingly soluble in acetone ot alcohol and gave a 2 : 4-dinifro- 
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phenylhydrazone, which separated from dioxan in crimson needles, m. p. 262° (decomp.) (Found: N, 
11-1. C,H sO N, requires N, 11-4%,) 

4-Hivydrory-6 . 7 -dsmethory -3-benzoylcoumarin (X; R «« H).-—2-Acetoxy-4. 5-dimethoxybenzoy! 
chloride was prepared by the interaction of the ent acid (Head and Robertson, foc. cit.) (3 g.) with 
phosphorus pentachioride (1-9 g.) in chloroform (100 ml.) and, after the evaporation of the solvent and 
phosphorus oxychloride, was treated with ether (200 mi.) containing ethy! sodiobenzoylacetate (from 
4-8 g. of ethyl benzoylacetate and ©-7 g. of sodium). The mixture was heated under reflux for 4 hours. 
cooled, and treated with water (50 mi). The aqueous alkaline layer was separated and acidified with 
2n-bydrochloric acid, giving 4-Aydrory-6 ; 7-dimethory-3-benzoylooumarin a8 a sticky precipitate (1 g ) 
Crystallised from alcohol and then ethyl! acetate, the coumarin formed pale lemon-yellow needles, m. p 
252.253" (Found: C, 664; H, 43. C,,H,,O, requires C, 66-3; H. 43%). This compound, which 
gave a greenish colour with alcoholic ferric chioride, dissolved slowly in aqueous sodium hydrogen 
carbonate 


Condensation of 6: 7-Dimethoxychroman-4-one with Ethyl Bensoate.The condensation of this 
chroman-4-one (1 g.) with ethyl benzoate (5 mi.) was effected with sodium ethoxide (from 0-5 g. of 
slium) in well-stirred ether (40 ml.) during S hours. After the addition of more ether (100 ml.) followed 
by ice-water (30 ml.), the mixture was vigorously shaken and the aqueous layer was isolated and acidified 
with 2x-hydrochloric acid. Next day the sticky precipitate was collected, triturated with a little 
methanol, and crystallised from dioxan, giving a substance in colourless squat prisms, m. p. 246° (Found 
in & specimen dned in a vacuum at room temperature: C, 63-4; H, 52. Calc. for C,,H,,0,05H,0 
C, 63-7; H, 56. Found, in a specimen dried in a high vacuum at 80°: C, 642; ni 83 Cale. for 
C,.H,,O,: C, 655; H, 55%). The yield of this compound was very variable, the optimum being 
03 g. from 1g. of chromanone. It dissolves readily in N-aqueous sodium hydroxide and is recovered 
unchanged on acidification of the resulting yellow solution ‘ith alcoholic ferric chloride the compound 
xives a blue-green colour, and with concentrated sulphuric acid a yellow solution which becomes 
bottle-green on being warmed 


The ultra-violet absorption spectra were determined by the courtesy of Professor R. A. Morton, 
F_K.S., of the Biochemistry Department, to whom our thanks are due 


Untversitry or Liverpoot Received, May 15th, 1990 


580. The Chemistry of Fungi. Part XIII, Citrinin. 
By D. H. Jounson, ALEXaNpDER Rosertson, and W. B. Wuatiey. 


By means of its brucine salt optically inactive citrinin, obtained from the optically inactive 
phenol (B) (3-(4 : 6-dihydroxy-o-toly!l)butan-2-ol), has been resolved into the (+)- and 

)-isomerides of which the latter is identical with natural citrinin (cf. Part VII, J .. 1949, 1563) 
Degradation of these ( +)- and (—)-isomerides furnished respectively (+ )- and (—)-phenol (A) 
which on admixture in equal amounts gave phenol (B). 

New syntheses of a-(4: 6-dimethoxy-o-tolyl)propionaldehyde (IT) and 2-(3 : 5-dimethoxy- 
2 : 4-dimethy!pheny!) butane have been described. 


— 


In Part VII (J., 1949, 1563) it was indicated that to complete the synthesis of natural citrinin 
(IV) it was necessary either to obtain the optically active phenol (A) by the resolution of the 
optically inactive phenol (B) [which is one of the two racemates having formula (III; R « H)’, 
or to resolve the racemic form of citrinin synthesised from this compound. Further, in the 
synthesis of phenol (B) dimethyl ether * (IIL; RK — Me) from 4: 6-dimethoxy-o-toluic acid by 
the stages (I; R =< H), (1; R = Me), and (11), it was not clear whether the last two intermediates 


MeO OMe r RO OR 
Me ~ ) » Me 


CHR-CN CHMe-CHO CHMe-CHMe-OH 
(l.) (iL) ail.) 


OH CH es 
Ho,cf YY So MeO’ YOMe 
of 4\_AliMe iy = 
Me CHMe Me<-——CH-CO,R 
OY 
(Iv.) (VL) 
had been obtained pure (Part IV, J., 1949, 859). The present communication deals with these 
outstanding problems and also with an alternative rational synthesis of the butane (X; K «— Me) 


© In the partial ethers thus designated, the phenolic hydroxy! groups are methylated and the alcoholic 
hydroxy! group is unaffected. 
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employed in the orientation of a degradation product from methylated citrinin (Part V, /, 
1949, 867) 

The difficulties encountered in the preparation of 4: 6-dihydroxy-c-toluic acid (Part IV, 
loc. cit.) have now been overcome and the acid obtained in fairly satisfactory yield. Prepared 
from this compound, 3: 5-dimethoxy-2-methylbenzy! cyanide (1; K — H) was methylated in 
the «position by use of sodamide prepared in situ, and the product (1; RK — Me) converted by 
Stephen's method into the aldehyde (11), which with methylmagnesium iodide gave a mixture 
of the two racemates having formula (111; R « Me): this was separated by fractional crystal- 
lisation of the mixed p-nitrobenzoates. That the aldehyde (II) now obtained and hence the 
butanol (111; K « Me) were not contaminated with «mall amounts of a higher homologue 
arising from the bis-methylation of the nitrile (1; R H) (cf. Part IV, loc. cit.) is shown by the 
independent synthesis of (11) by way of the glveidic ester (VI; KR = Et). The compound (VI 
R « Et) was prepared by the condensation of 3. 5-dimethoxy-2-methylacetophenone and ethy! 
chioroacetate with sodium ethoxide and on hydrolysis followed by decomposition of the resulting 
acid (VL, R « H) furnished the aldehyde (11). 

Since the demethylation of phenol (A) dimethyl! ether is accompanied by racemisation g:v ing 
phenol (8) (Part VII. loc. cit.) and attempts to resolve phenol (B) were unsuccessful, the resolution 
of optically inactive citrinin derived from phenol (B) was undertaken. By means of its brucine salt 
this compound has been separated into a (+ )- and a (— )-crtrinn of which the latter is identical! 
with the natural! citrinmn and with the specimen synthesised from phenol (A). Hydrolytic decom- 
position of (+ )- and (--)-citrinin with aqueous sodium hydroxide gave respectively (+-)- and 

)-phenol (A), a mixture of which furnished phenol (B). This result in conjunction with the 
resolation of the hydrogen phthalate of phenol (B) dimethy! ether clearly confirms that pheno! 
(B) is one of the two possible racemates having formula (I11; K « H) (Part IV, loc. cit.) (ct 
Cram, |. Amer. Chem. Soc., 1948, 70, 4244; 1950, 72, 1001). 


Me 


Me 
MeO” OMe He Oe" 
YY WY = 


éo-Me (Me:CHMe CHMe-CH,Me CHMe-CH,Me 
(vit) (VIIT.) (IX.) (X.) 


In Part V (loc. cat.) the structure of 3-(3 : 5-dihydroxy-2 : 4-dimethylpheny!)butan-2-ol, a 
degradation product of methylated citrinin, was derived from its conversion into 2-(3 : 5-di- 
hydroxy-2 : 4-dimethyipheny!)butane (X; K <= Me), the orentation of which was established 
by an indirect method, The following more rational synthesis of the butane (X; R « Me) has 
now been achieved. On dehydration the product formed by the condensation of 3 ; 5-di- 
methoxy-4-methylacetophenone (VII) with ethylmagnesium iodide gave 2-(3 : 5-dimethoxy-4- 
methyipheny!)but-2-ene (VIII) which on hydrogenation furnished 2-(3 - 5-dimethoxy-4-methy! 
phenyl)butane (IX; Ro « Me). Demethylation of (IX; R « Me) yielded the resorcinol (IX 
R «~ H) which by Gattermann's method gave an aldehyde which can only have the structure 
(X; KR» CHO) Reduction of this prodact by Clemmensen's method furnished 2-(3 : 5-di- 
hydroxy-2 > 4-dimethy!phenyl)butane (X; KR «— Me), characterised by the formation of the 
di-p-nitrobenzoate which was identical with the derivative from natural sources 


EXPERIMENTAL, 


4 6-lhhydrory-o-foluse Acid.—-o-Toluic acid (50 g.) was sulphonated with 61% oleum (100 ml.) at 
it) 170° during 6 bours and next day the viscous reaction muxture was gradually added to ice (600 ¢ 
The crystalline sodium salt of the resulting disulphonic acid was prepared by way of the barium salt in 
the usual manner and was added gradually to a well-stirred melt of potassium hydroxide (450 g., con 
taming 15 ml. of water) at 160 The mixture was then heated at 190-200° for § hour and at 180° for 
2? hours, comed te about 100. 110° and added to we (i kg.)}. From thes solution which had been acidified 
with concentrated hydrochloric acid 4° 6-dihydroxy-o-toluic acid was isolated with ether (100 mi. »« 6 
amd then crystallised from water, forming colourless needles (10-11 g.), m. p. 245° (slight decomp 
Esterification with diazomethane gave the methy! ester,m. p. 124°, which on methylation by the methy! 
kale potassium carbonate method, followed by hydrolysis, furnished 4 6-dimethoxy-o-toluic acid, 
m. p. 160-161" after purification (cf. Part IV, loc. cv 


a (4 6-Liamethory-o telyl)propromsirie (1 K Me) — 3. 5-Dumethoxy-2-methylphenylacetamide 
Part LV, Jee. cot.) (5 g.) was dehydrated with phosphory! chloride (3-1 mi.) on the steam-bath for 45 
minutes, the resulting 3° S-dimethoxy-2-methylbenzy! cyanide (1; K = HM) (43 g.), purified by 
distifiation, had m. p. 66° (cf. Part IV, loc. cot, where phosphoric oxide was employed). 


3: S-lhmethoxy-2-methytphenylacetamide (23 ¢.) was hydrolysed with boiling 20%, aqueous 
potassiom hydroxide (40 mi) during 10 hours and the resulting 3) 5-dimethory-2-methviphenylacetic acid 
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wsolated from the acsdited hydrolysate with ether. Crystallsed from water and then sublimed at 140 — 
150” 0-05 mm., this acid formed colourless needles, m. p. 130-—132° (Found : C, 62-4; H, 69. C,,H,,O, 
requires C, 62-0; H, 67%). 


Sodium (0-3 .) was added to li canta caneiiing SOK Waris Bt 8) Rew Take vowed! 
a grey sludge of Peete eke 
pk bape niche ts 
remdua!l liquor, which contained the pt ler Ray ap 
cyanide, was treated with methy! iodide (20 mi.) and ether (20 m heated 
reflux (with stirring) for | hour, cooled, treated with Sooer {150 a ), acidified, and extracted several! 
times with ether. The combined extracts were washed with aqueous sodium bh 


6s leaving «(4 ey ee eg Baty ~ Me) which, on 
ag nyt Se 117-119" 2 mm. (Pound: C, 70-3; H, 7:1. 
%) ee sulpburse acid 


o- (4: Ode " 


’ colourless prisms, m Log ww — BO | 

(Pound: C, 646; H, 70; N,@). C,H, YON requires C, 666; H, 7-3; N %) P 
3-(4 : 6 Dimethory-o-tolyl)butan-2-ol.—(a) eg oy from the as nitrile (6 g.) by Stephen 

method, a-(4 | 6-dimethory-o-toly!) propionaldehyde (11) be as a colourless le Teud'tt 6. Ped 
b. p. 103-105" 0-01 mm. (Found: C, 60-4; H, 80. C,,H,,O, requires C, 60-2; H, 7-7%), which gave 
the semicarbazone, m. p. 138°, identical with the derivative descn in Part 1V (loc. cit). The omime 
formed tufts of colourless slender prisms, m. p. 134", from dilute methanol (Found : ©, 46-7; H, 7-7; N 
61. Cy,H,,O,N requires C, 646; H, 7-6; N, 63%). 


Condensation of this ere | (3-7 g.) with methylmagnesium iodide as described in Part IV (loc. cif 
gave the mixed racemates of 3-(4 poe sn peyote tan 2-ol (IIL; Ro = Me) as a colourless viscous 
hquid (3-5 g.), b. p, 100-—110°/0-03 mm. 699; H, 93. Cale. for CyHy . €, 7; H, 
59%), which gave a mixture of the Bam 1 TB Das (55 g.). This was resolv by fractional! 
crystallisation from alcohol and acetic acid. A less soluble ester (2-2 g.) separated from alcohol in 
rosettes of pale greenish-yellow needles, m. p. 153-—154", ow on sublimation in a h in vacuum 

(Found: C, 644; H, 64: N, #4; OMe, 163. Cale. for C,H e we Rh. 8; OMe, 
16-6%,) (ef. Part LV, loc. eit.; thee wet, m. a at ion’, ve high 
analytical results for carbon). The more pualtedbeuaante (O-S g. ) a (B) > ounce 1 ether 
had m. p. and mixed m. p. 108-—100° (Part IV, Joe. ctt.). This compound, mp. 108-109" (0-2 g.), was 
hydrolysed with 20° methanolic potassium hydroxide (10 ml.) during 3 hours and the resulting dimethy! 
ether of phenol (B) converted into the hydrogen phthalate which formed colourless prisms, m. p. 144 . 
from chloroform, identical with the derivative obtained by degradation, of natural citrinin ( 

loc. cit.) (Found: C, 67-7; H,@7. Cale. for C,,H,,0,: C, 67-7; H, 65%). 

(b) On the addition of powdered sodium ethoxide (5 g.) to a well stirred mixture of 3: 5-dimethoxy-2- 
methylacetophenone (Part 1V, Joc. cat.) (13-7 g.) and ethyl chloroacetate (8-5 ml.) at 5° a vigorous reaction 
ensued. The resulting orange-red mixture was stirred at 5° for 24 hours and then at room temperature 
tor 24 howrs, heated on the steam-bath lor 2 hours, cooled, treated with ice-water (150 ml.), and extracted 
with ether (75 ml. » 4). The combined extracts were washed with 5% sodium carbonate 
(100 ml. « 2) and then water (50 mi. x 3), dried, Oe leaving an ol which on distillation in a 
vacuum furnished unchanged ketone (6-8 g.), b. p. 122—1 /o4 mm... -_ a pale viscous oi) (5 g.), 
b. p. 155—163°/0-5 mm. Repeated distal ethos of the latter fraction ve ethyl Bié: 6-dimethoxy -o- 
. 1)-8-methylglycidate as a colourless oi) (5-5 g.), b. p. 156—158" /0- =e. A mixture of this ester 

g.). methanol (35 mi.), and 125% aqueous potassium hydroxide (20 mi.) was boiled for 4 hours 
pete 5 dee, acidified with 2x-hydrochlors acid. On isolation with ether the resulting acid (orange-red 
oi!) was heated with copper bronze (I g.) in a vacuum until the evolution of carbon dioxide had ceased 
and the residue then distilled, giving a-(4 | 6-dimethoxy-o-tolyl)propionaldehyde (11) (2-6 g.), b. p. 105 
106° /0-01 mm., identified by conversion into the semicarbazone, m. p 138°, and the oxime, m, p. 134 
(Found: C, 64-8; H, 76; N, 65%). From this aldehyde (2 ¢.) 3-(4: 6-dimethoxy -o- toly!)butan-2-ol 
(mixed racemates) was prepared with methyhmagnesinm iodide and converted into the mixture of p-nitro 
benzoates which was separated by fractional crystallisation as in («) = p-nitrobenzoate er 1 ay 

wah (B) dimethy! ether had m. p. and mixed m. p. 108-100 (Found “6 H.60: N.S } 

e second p-nitrobenzoate had m. p. and mixed m. p. 153—154° (Found c. 64-5, HL. 61; N, 3-6%,) 


3-(4 : 6-Dibencylory-o-tolyl\butan-2-ol (Dibenzyl Ether of Phenol (B)).—Renzylation of phenol (B 
5g.) with benzyl ‘bromide (7-7 ml.) and potassium carbonate (7-1 g.) in boiling acetone (#0 mil.) — 
to be complete in about w hours. A solution of the product in ether (200 mi.) was 
with 2~-aqueous sodium hydroxide (20 ml. x 3) and then water (20 mil. = 2), dried, and evapora crate 
poeta, a ewaich ennld nat be indent toanrtatin Pend t. ee, te oe) b 
~196° 0-03 mm., which could mot be induced to crystallize (Found 
pnnttne 4 708; H,7-5%). Inman pmee 4 nara a ome (B) the phthalate of this ether was wielet 
but as this derivative couk! not be obtained crystalline the project was abandoned. 


Resolution of Opticalty Inactive Citrinin.—Brucine (1-9 g. of the tetrahydrate) dissolved in acetone 
methanol (15 mi.; 1:3) was added to a warm solution of (4-)-citrinin (Part tito) .) Leg pene 
ae ee Se ean ares i> Be &. & 168° (decomp.), was ted 1 hour 

KRecrystallisation of this solid from methanol gave 3 fractions. ese >> 178° 
i) (09 a}. ap 19H (decomp) and (o) (8g). m. p. 178178" (decomp). Of these (a) and (6) were 
combined and recrystallised several b methanol, giving the brucine salt of (—) citrinin as 
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a Aydrate in irregular hexagonal = Sag? gh e- is2-- i (decomp) (alone or on admixture with the salt 
from natural — (Found: C, N, 446. Le tie es H,O requires C, 65-3 
H. 64; N, 42% wll >» che, N, Seaton C, 671, H, 62; N, 4 rat Because of its low 
solubdlity in the -* otganic solvents the rotation of this salt was not determined. Decomposition of 
the compound (0-5 g.) in acetome (15 mi.) with 2n-bydrochloric acid, followed by the addition of water 
Ww mi), -" £ ;<ttriaan which was isolated with ether and crystallised from ethanol, forming 
chagacteristic yellow prisms, m. p. 179° (decomp.) (alone or admixed with 4 natural specimen), 
(al —34-5° | . » in alcohol) (Pound : C, 623; H,54. Cale. for C,,H,O,: C, 624; H, 56%). A 
specimen of the hydrated brucine salt of natural citrinin was prepared by mixing warm culations of 
( ~)-brecine (1-0 g. of tetrahydrate) in acetone-methanol (20 mi. of 1 . 3) and the natural acid (1 g.) in the 
same solvent (25 mil.). Kecrystallised from methanol this salt formed wregular hexagonal prisms, m. 
in2— iss (decomp.) (Fouad C, 654, HL, 67;, N, 47%). 


The combined mother-liquors left after the separation of the foregoing brucine salt of (—)-citrinin 
were concentrated in a vacuem and on betng kept the ressdue deposited a crystalline solid (0-4 g.), m. p 
171° (decemmp.), consisting mainly of the brucine salt of (—)-<itrinin. Treatment of the residua! liquor 
with dilute hydrochioric acted regenerated crude (+)-<itrinm which was recrystallised from alcohol and 
then converted inte a brucine salt. Kecrystailised from much methanol, this product gave the brucine 
aalt of (+ )-citsinin in colourless needles, m. p. 167-168" (decomp.) (Found: C, 663; H, 65; N, 4-7%,) 
Decomposition of this compound (0-4 ) with 2n-hydruchiork acid furnished (+ )-catrenen (0-15 g.) which 
copenasee from alcohol in “rks che needies, m. p. 179° (decomp.), (a, te +33-0" tc, 0-600 in aleohe | 

(Found 625, H, 56% he chemical properties of (+ )<itrimin were identical with those of natural 

j hh} 


Degradation of Synthetical (-—)- and (+)-Citrimn with AlAali.—(a) A solution of (—)-citrinin (0-4 g} 
was heated under reflux with 10%, aqueous sodium hydroxide (20 mi.) in an atmosphere of nitrogen for 
34 hours, cooled, saturated with carbon dioxide, and extracted with ether (20 mi. x 6). The residue left 
6 evaporation of the combined, dred, ethereal extracts was sublimed in a vacuum at 150-— 160° 0-1 mm 
giving (~ )-phenol (A) in almost colouriess needles, m. p. 128", alone or admixed with a specimen derived 
from the natural compound, ‘aff —36-4° (c, 0-79 in alcohol) (Found: C, 67-3; H, 82. Calc. for 
C,,H,.O,: C, 673; HM, & 3%) 


(b) Hydrolytic decomposition of { + )-citrinin under the same conditions gave ( +)-phenol (A) which 
on sublimation in a high vacuum was obtained in rosettes of almost colourless needles, m. p. 122° 
aR + 35-0" (c, 079 im alcohol) (Found: C, 67-5; H, 63%). A mixture of equal amounts of (+)- and 

)-phenol (A) had a zero rotation and separated from chloroform in colourless needles, m. p. 168—169 
alone of admixed with a specumen of phenol (13) from natural citrinin 


Phenol (5) has been prepared from the dimethyl! ether (Part IV, joc. cit.) by the demethylation 
procedure employed for phenol (A) dimethy! ether (Part VII, Joc. ei/.) and had m. p. and mixed m. p. 169 
after purification 


3. S-Dimethory-4-mothylacetophenone (VII When a solution of 4-methy!-3 : 5-dinitrobenzoy! 
bloride (Frye « al, /. Org. Chem, 1949, 14, 397) (5 g.) in ether (100 mi.) was added to ethereal diax 
methane (from 10 ¢ of nitrosomethylurea and 160 ml. of ether) kept at 0°, w-diazo-4-methy!-3 : 5-dinitro 
acetophenone separated in pale yellow needles and was isolated 24 hours later. Hydriodic acid (15 mi 
4 1-7) was added during 15 minutes to a well stirred solution of this product in chloroform (150 mi 
followed by water (150 mi) 15 minutes later. The chieroform solution was separated, washed with 
aqueous «xlium hydrogen sulphite, aqueous sodium hydrogen carbonate, and then water, dned, and 
evaporated, leaving 4-methyt-3 5-dinitroacetophenone (3-5 ¢.) This ketone separated from aqueous 
sicoheal in almost colourless needles which in contact with the mother-lquor changed into pale yellow 
ates, m. p, 70--71 (Pound: C, 464; HM, 36; N, 127. Cak for Ct oN, {, 482 1,36; N 
2 5*,) ict. Frye ef al., loc. ctt., who give m. p. 68-69" for a specimen prepared by an alternative process 
The oxime formed long, colourless silky needles, m. p. 152-153", from dilute alcohol (Found : C, 45-3 
HM, 30; N, 17-9. CHLOIN, requires C, 45-2; H, 38; N, 17-6%) The 2: 4-dimulrophenyihydrazone 
separated from acetic acid in timy orange needles, m sd 257-258" (decomp.) (Found: C, 44-7; H, 3:3 
N. 210. C,,H,O VN, requires C, 46-6; H, 3-0; N, 


3-Amino-4-methy!-5-nitroacetophenone (Frye ¢4 a/ fn ost.) gave an oxime which separated from dilute 
alcohol in slender bright yellow needles, m. p. 100° (Found: C, 51-9; H, 52; N, 203. C,H,,O,N, 
requires ©, 51-0, H, &3, N, 201%), and an acetyl derivative, clusters of colourless needles, m. p. 106 
from the same solvent (Found. ©, 66-2, H, 52; N, 116. C,,H ON, requires C, 56-9; H, 5-1; N 
ite’, 

The comme of S-hydroxy-4-methy!-5-nitroacetophenone (Frye et a/., loc. cit.) formed greenish-yellow 
nheedies, m. p. 188°, from water (Pound: N, 13-6. C,H,,O,N, requires N, 13-3% The p-mifrobencoate 
if the same phenol separated from dilute alcohol in tiny buff-coloured needles, m. p. 173° (Found ; N, 8-1 
‘ gall ye ON, requires N, & 1% 

3. 5-Dibydroxy-4-methyiacetophenone (Frye ef al, luc. cif.) formed a di-p-nitrobenzoate, colourless 
needles, m. p. 220-221", trom aleohol (Pound: N, 53. C,,H,,O,N, requires N, 60%) and on methy!- 
ation by the methy! ixlide-potassium carbonate method gave 3. 5-dimethory-4-methylacetophenone 
which separated from aqueous alcohol or benzene-—light petroleum (b. p. 60-—S80") in colourless rhombi 

p. 106° (Pound: C, 681; H, 74. C,,H,O, requires C, 68-0; H, 72% The onme of this 
rystallised from dilute alcohol in colourless needles, m. p. 130° after sintering at 120° (Found : N 
C,,H,,O,N requires N, 67° 


° 

2-(3 : 5 Dehydrory-4-methylphenyil\butane (IX: R H A solation of 3: 5-dimethoxy-4-methy! 
acetophenone (55 ¢) in benzene (100 ml!) was added to cooled ethereal ethyimagnesium iodide (from 
45g { magnesium and 100 m { ether the ether was evaporated. the resxtual benzene solution was 
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heated under reflux for 4 hours and evaporated, and the viscous syrup heated on the steam-bath for 2 
hours. After the addition of ice and aqueous ammonium chionde (150 mi.) to the cooled reaction 
muxture the product was isolated with ether and twice distilled over sodium, giving 2-(3 . 5-dimethoxy-4- 
methylpheny!)}but-2-ene (VIII) as a colourless oi! (3 g.), b. p. 1156-—117° 0-3 mm., which on hydrogenation 
with a palladium-charcoal catalyst furnished 2-(3 . 6-dimethoxy-4-methyiphenyi)butane (IX. K «« Me) 
(2-6 g.). b. p. 105°; mm. Demethylation of this ether (2-5 g.) with a mixture of boiling hydriodic acid 
(15 ml.; @ 1-7) and acetic acid (from 10 ml. of acetic anhydride) containing red phosphorus (0-5 ¢.) 
during § hour gave rise to 2-(3 : 5-dikydrory-4-methylphenyl)butane which on distillation in a high vacuum 
was obtained as a mass of almost colourless needies (0-6 g.), m P 95°, having 4 negative ferric reaction 
(Found: C, 73-3; H,@1. C,,H,.O, requires C, 73-3; H, 59%). The di-p-mitrobenzcaie of this phenol 
formed glistening, pale cream-coloured plates, m. p. 194", from much aloohol (Pound: N, 55 
Cy,H,,O_N, requires N, 50%). 

2-(2-Formyl-3 : 5-dihydroxy-4-methyiphenyljbulane (XN; R = CHO).—The interaction of 2-(3 : 5-di 
gem Rpts 8 ee yijbutane (0-3 g.), hydrogen cyanide (1 mi.), and sine cyanide (0-2 g.) in ether 
(25 ml.}, satar with hydrogen chloride, during 48 hours gave a crystalline aldimine salt which on 
hydrolysis with water (15 mi.) on the steam-bath for 15 minutes yie 2-(2-formeyl-3  5-dihydrory-4 
methylphenyl)butane (XN; K = CHO). Purified by sublimation in a high vacuum, this aldehyde wa: 
obtained in colourless plates, m. p. 78°, having a violet-brown ferric reaction in alcohol (Pound : C, 60-7, 
H, 7-8. CyH,.O, requiresC, 60-2; H,7-7%). The2: 4-dim iyihydrasone 
m. p. 280—281° (decomp.), from alcohol (Found ; N, 148. C,,H,O,N, requires N, 144%). 

2-(3 : 5-Dihydroxy-2 : 4-dimethyiphenyl)butane (XN; RK «= Me)..—A mixture of the foregoing aldehyde 
(150 mg., dissolved in 10 mi. of methanol), zinc amaigam (5 g.), and concentrated hydrochloric acid 
(10 ml.) was kept at room temperature for 20 minutes and then heated under reflux for 4 hour. On 
isolation with ether the resulting 2-(3 | 5<dibydroxy-2 : 4-dimethy! y!) butane (100 mg.) was converted 
into the di-p-nitrobenzoate which formed tless prisms, m. p. 146°, from much alcohol, identical with 
a specimen from methylated citrinin (Part V, lec. ci.) (Pound: C, 63-2; H, 46; N, 55. Cale. tor 
Cy yO,, : C, 634; H, 4-9; N, 579%). 


We are indebted to the Department of Scientific and Industria] Research for a maintenance grant to 
one of us (D. H. J.). 


University or Livexroot [Recewwed, July 24th, 1950.) 


581. Phthalocyanines and Related Compounds. Part XX. Further 
Investigations on Tetrabenzporphin and Allied Substances.* 


By R. P. Linsteap and Frepericx T. Weiss. 


The paper describes (i) The preparation and purification of tetrabenzporphin (IT). (ti) 
The sulphonation of phthalocyanine and other macrocyclic pigments; it is shown that the 
sulphonated pigments are more easily oxidised than the t substances, the sulphonation 
of phthalocyanine occurs in the 4-position. (iui) The halogenation of tetrabenzporphin : as in 
the case of phthalocyanine, both addition and substitution of halogen can be rea loos. 


(1) Preparation of Tetrabensporphin and its Zinc Compound.—-We have examined further the 
two methods already used, namely, the reaction between methylphthalimidine and zinc acetate 
(Helberger and Hevér, Annalen, 1938, 536, 173) and that between 3-carboxymethylphthalimidine 
(1) and zine acetate (Barrett, Linstead, Rundall, and Tuey, /., 1940, 1079). We have also 
examined certain related reactions, namely, those between the same acid (I) and metallic zinc 
or zinc chloride, and those between the amide of the acid and metallic zinc or zinc acetate. In 
all these, zinc tetrabenzporphin was produced. The product could be assayed spectroscopically, 
the intensity of the band in the red with maximum at 6320 a. being used to give a measure of the 
content of zinc tetrabenzporphin. Zinc tetrabenzporphin is among the most highly coloured 
of organic compounds; at this wave-length the intensity has a value for log,,c of 518, The 
detailed results are given in the experimental section (Tables I and 11). The best method for 
routine preparations was that which we had used previously—reaction between the acid and 
zinc acetate—both because the yield of pigment was highest and because the intermediate acid 
was readily accessible from $-naphthol. 

Zinc tetrabenzporphin is only formed from the acid at a bath-temperature above 320° (corr) 
Over the range 345-420" pigment formation occurs and temperature has little effect on the 
yield. The pigment is still formed in considerable yield at as high a temperature as 510° 

Intensely green crystalline material with a purple reflex can be isolated from the product 
without great difheulty by the method used by Helberger and in our previous work. Spectro- 
scopic examination, however, showed that this was of variable and unsatisfactory purity 


* The work described in this and the following paper was carried out during the years 1930-41 in 
the Converse Memoria! Laboratory of Harvard University (Weiss, Ph.D. Thesis, Harvard, 1041) 
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Farther purification could not be effected cither by crystallisation or by chromatography 
becanse the impurities had solubilities similar to the desired zinc tetrabenzporphin and were 


CH, CO,H 
cH 


vo 


( ¥ ‘xe 
/ \b 
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similarity adsorbed. The zine pigment could be isolated in the pure state by sublimation, but 
this was net a convement procedure for any appreciable quantity. Finally, the following rathe: 
unorthodox method was devised . it was observed that during the process of sublimation the 
impurities were converted inte a coke-like material which was no longer soluble in pyridine 
\ccordingly, for the final purifeation rhe crude zinc tetrabenzporphin was heated to 450° m an 
ttmesphere of nitrogen without sublimation. The zinc tetrabenzporphin, which was 
substantially unchanged, was then extracted with pyridine and the solution filtered through an 
alumina column. The pigment was precipitated in beautiful crystals by the addition of methano! 
to the pyridine eluate, followed by evaporation. The best yield of pure zinc tetrabenzporphin 
was 15°5°,,, and yields of 13°, could regularly be obtained 

In agreement with our previous paper (Joc. cif), the zinc pigment gave pure metal-free 
tetrabenzporphin (11) by treatment of its solution in sulphunec acid with hydrogen chlonde 
tollowed by vacuum sublimation, but not by treatment with sulphuric acid alone. 

We explored a different and more speculative method for the preparation of tetrabenzporphin 
but without success It will be recalled that phthalonitrile reacts readily with sodium amyloxide 
to give disodium phthalocyanine (Barrett, Dent, and Linstead, ]., 1936, 1720). The reaction 
may proceed through a chain mechanism involving the intermediate formation of a metallx 

evany! | radical corresponding to Schienk's ketvis (Barrett, Linstead, and Tuey, /., 1939, 1812) 
We therefore exammed the action of sodium amyloxide on methy! o-cyanocmnamate in the hope 
that this might yield a tetrabenzporphin derivative by an analogous process involving 
the formation of methin links. A deep-green solution was in fact formed, but when heated thi» 
became brown and gave only tarry material. Neither were we able to involve methyl! o-cyano 
cimnamate residues in the growing of a cham of phthalonitrile units. When a mixture of the 
cyane-ester and the nitrile was heated with sodium amylonide it gave pure disodium phthalo 
cyanine, no methin links being formed 

(it) Sulphonation of Various Macrocyelic Pigments —The conversion of phthalocyanine into 
intensely colowred sulphonated derivatives soluble in water and alkali has been investigated in 
mdastrial research laboratories (see, ¢g., BP. 457,706, 460,147, LG. Farbenmd ; and U.S.P 
2,150,741, Imperial Chemical Industries). We have made a preliminary comparative study ot 
the sulphonation of macrocyclhe pigments with the following results. Sulphonation of metal-free 
phthalocyanine was conveniently effected with 30° oleum at 80°: the product contained 
between 3 and 4 sulphonic groups. When the molecule contained methin links in place ot 
mitrogen atoms, the overall resistance to fuming sulphuric acid was lowered, but it was still 
possible to bring about substitution in the benzene rings under suitable conditions. For 
example, metal-free tetrabenztriazaporphin (Barrett, Linstead, and Tuey, Joc. cat.) underwent 
gross decomposition on treatment with 30°, oleum even at room temperature, but 15°, oleum 
converted it into a mixture of sulphonic acids soluble in water and alkali. The product contained 
an average of between | and 2 sulphonic groups per molecule. Zine tetrabenzporphin was 
converted into a green alkal-soluble pigment by 30°, oleum at room temperature without gross 
decomposition. The absorption spectra of these sulphonated derivatives are much more diffuse 
than those of the parent compounds 

The most characteristic property of the sulphoni acids is their ease of oxidation. The 
unsulphonated pigments have an appreciable resistance towards oxidation. Thus phthalo- 
cyanine is converted into an intermediate oxidation product in which the great rng is preserved 
and which has an appreciable stability towards an excess of oxidizing agent. The stability » 
more marked with the less-nitrogenous pigments (see following paper). On the other hand, 
phthalacyaninesulphonic acid, on treatment with ceric sulphate at room temperature, passes 
through the intermediate state of oxidation im less than a second. The uptake of oxvgen is one 
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atom per molecule, as in the case of the unsulphonated pigment (Dent, Linstead, and Lowe, / , 
1934, 1033) 





Tetrabenztriazaporph Iphonic acid also is more susceptible to oxidation than is the parent 
substance. There is an indication that if a mixture of pigments containing different proportion» 
of nitrogen and methin links ts sulphonated, there is a concentration of nitrogen linked matena| 





phin, with an 
oxygen uptake of 4°5 atoms per molecule, was sulphonated to an acid with an “oxygen uptake of 
only 4 atoms per molecule 

Sulphonation of phthalocyanine occurs im the 4-position of the benzene rings, although this 
may not be the only position attacked. Fission of a sulphonated pigment yielded phthalimide 
and 4-sulphophthalimide. The latter was oriented by conversion into 4-hydroxyphthalic ac d, 
identified ; as its crystalline dimethyl ester. This orientation of the sulphonated pigment is also 
supported by the fact that its fusion with alkali yielded p-hydroxybenzoic acid. The sulphon 
ation thus resembles halogenation (Barrett, Bradbrook, Dent, and Linstead, /., 1939, 1820) in 
occurring preferentially m the §-positions of the aromatic rings. 

A sulphonated copper phthalocyanine has been made by beating 4-sulphophthalic anhydride 
with urea and copper salts (1.C.1., FP. 807,052). This material differs from that made by direct 
sulphonation of copper phthalocyanine in having a redder shade of blue. This suggests that 
the direct sulphonation of the copper pigment goes to some extent i the 3-position (see Haddock, 
J. Soe. Dyers Col., 1945, 61, 71). 1 is conceivable that some 3-sulphonated material may have 
been degraded in our oxidation procedure. It is also possible that the lack of symmetry of the 
direct sulpbonation product affects its colour, 

We examined the possibility of converting phthalocyani ph acid into hydroxy- 
phthalocyanime by potash fusion but without success; nor did it seem possible to regenerate 
phthalocyanine by removal! of the sulphonic group by acid hydrolysis. 

(tii) Halogenation of Tetrabensporphin —Phthalocyanine is known to react with halogens 
under mild conditions to give additive compounds. At high temperatures, and in the presence 
of catalysts nuclear substitution occurs (Barrett, Bradbrook, Dent, and Linstead, loc. ci4.). We 
found that halogenation of the tetrabenzporphin ring follows much the same coarse. Zinc 
tetrabenzporphin reacted rapidly at room temperature with bromine in carbon tetrachloride 
The maximum uptake of halogen was 7:1 atoms per molecule, nearly all of which was lost by 
treatment with cold dilute alkali. Nuclear bromination was best achieved by heating zinc 
tetrabenzporphin with bromine and phosphorus tribromide at 250°. The bromo-derivative was 
obtained as a black powder, giving a brownish-yellow solution in pyridine. Analysis indicated a 
bromine content of 17° atoms per molecule. The bromo-compound underwent gross 
decomposition when its pyridine solution was boiled. 

Chiorination was convemently achieved by the action of a mixture of thionyl chloride and 
sulphury! chloride at the boiling point. The products isolated contained from 9 to 11 atoms of 
chlorine per molecule. They were dark powders with a dull green reflex and gave brown-yellow 
solutions in pyridine. In a number of experiments, using conditions under which phthalo- 
cyanine gives good yields of highly halogenated pigments, we found that zinc tetrabenzporphin 
was decomposed. These results are summarised in the experimental portion. We attribute the 
comparative instability of the tetrabenzporphin ring towards halogenating agents to the 
instability of compounds substituted on the linking (meso) carbon atoms. It is interesting to 
compare these results with those of Hans Fischer on the halogenation of porphyrins (summarised 
in Fischer and Orth, ‘ Die Chemie des Pyrrols,” Vol. II, (1), p. 230 He found that the meso 
positions were readily substituted by halogen. The products lost halogen on treatment with ba« 
and regenerated the parent compound in two steps 








EXPERIMENTAL. 
1) Preparation of Tetrabensporphins 
Intermediates. —In the routine preparation of carboxymethylphthalimidine isvindolinone-3-acet « 

acid (I)) the yield of yng te eee acid from 1-nitrose-2- thol was 73%, and that of carboxy 
methylphthalimidine from the acki was 88 ssolndolinone- -S-acetamide, prepared following 
Kowe, . and Peters (/., 1936, 1101), melted at 2 s—219° (lit. 221". The cine salt was obtained by 
dissolving 26. of the acid in aqueoas sodiam hydroxide, neutralising (phenolphthalem) with x 10-bydre 
chioric acid, and adding an aqueous solution of 7-3 g. (1-05 moles) of zinc acetate dihydrate. When th 


ee cise After a further hour a! 
room temperature, the solid zinc salt was removed + jon freed from any parent acid by 
extraction with 100 c.c. of hot alcohol. The salt, which was insoluble in alcohol, was crystallised from 











2978 Linstead and Weiss : 


31. of hot water. 11 ¢ (75%) of white needles of zinc iseindolinone-3-acetate were so obtained, m. p 
180-190" (decomp ) Pound N,@1. C,,H,,O,N,Za requires N, 63%) 

Methyl o-<yanccinnamate was prepared from the acid by the Fis her-Speier method or by the use of 
diazomethane, It crystallized from water in white needles, m. p. 60° (Found: MeO, 16-6. C,,H,O,N 
requires Me), 166%). The ethyl ester melted at 75°. The methyl ester gave a deep green colour when 
it was added to a hot solution of sodium amyloxide, but no product could be isolated from the solution. A 
mixture of the methy! ester (100 mg.) and phthalonitrile (lu mg.) was added to a solution of sodium 
amyloxide in amyl alcohol, and the mixture boiled for 3 hours under reflux. The solid produced (16 mg.) 
was blue with a red reflex. It was purified mia solution in sulphuric acid in the usual way and was 
identified as phthalocyanine spectroscopically. No macrocyclic pigment could be detected when methy! 

cyanecinnamate was treated with methyimagnesiam kxiide under conditions which convert 
phthalonitrile inte tetrabenztriasaporphin (Barrett, Linstead, and Tuey, loc. cd.). 


Preparation of Zine ee The best method is given below. Other processes are 
sommariced in Tables I and Il fhe preferred method is an improvement of the process of Barrett 
Linstead, Kundall, and Tuey (lee. est Ten test tubes (3 x 20 cm.), supported upright, were preheated 
to 440-345" by a bath of Wood's metal, overlaid by charcoal. Nitrogen was passed through the tubes 
and into each was added an intimate mixture of carboxymethylphthalmidine (3-5 g.) and zinc acetate 
dihydrate (2-6 g.), heating being continued for 35 hours e ten products were cooled, united, 
and dissolved in hot pyridine (800 c.c.). The deep-green solution was poured into ether (3 |.), filtered 
and evaporated to SX ¢.c. A litre of methanol was then added, which precipitated crude zinc tetra 
henzperphin (7.5 g This was assayed spectroscopically, by using the band of A 6320 4.; log,, « 5-15 
(Parrett, Randall, Linstead, and Tuey, loc. cif). It contained 4-8 g. of zine tetrabenzporphin (18°, 
yield) 


For purification, the zinc pigment was placed on one side of a filter-plate and glass wool plug located 
half-way down a horizontal tobe of Pyrex glass (3 x 40 cm.) through which nitrogen was passed. The 
tube was held in an asbestos sleeve in an iron pipe, and heated at 450° for 30 minutes. During this time 
pyridine and a brown oil collected at the cold exit end of the tube, and other impurities in the pigment 
were carbonized. 10 y. of crude pigment, assaying 68 g. of zinc tetrabenzporphin, were thus heated 
The residue was cooled and extracted with pyridine (1 |.), which was then passed through a column 

18 = 3m.) made up of equal parts of alumina and diatomaceous earth; elution with a further 100 ¢ « 
of pyridine left a brown layer at the top. The united — eluate on concentration to small bulk and 
dilution with methanol gave 6-5 g. of platelets with a beautiful purple lustre. This material is pure zinc 
tetrabenzporphin except that it contains about 0-7 mol. of pyridine per mol. of pigment (290 mg. after 
4 hours at 130° /2 mm. had lost 26 mg. of pyridine) (Found, for solvent-free pigment: C, 75-3; H, 3-7; Zn, 
10-9, Cale. for C,H, N Za: C, 75-3, H, 3-5; Zn, 11-4%). Zine tetrabenzporphin could be sublimed 
at atmospheric pressure in the apparatus described below to give beautiful needles, some 1 cm. Jong, with 
4 purple blue reflex 

The temperature used in the carbonisation process and quoted above (450°) seems to be about the 
optimum. A series of comparative experiments was carried out in which samples of crude zinc tetra- 
benzporphin were heated to different temperatures, the products were extracted as described above and 
the zinc tetrabenzporphin assayed spectroscopically, The recoveries corresponding to various “ coking 
temperatures were: 450°, 86%; 480° 76%; 520°, 50%. Crude products containing as little as 10%, of 
zinc tetrabenzporphin have been purified by this process. 

Preparation of Tetrabensporphin.—1-6 g of the pure zinc compound were dissolved with stirring in 
125 «.c, of cold concentrated sulpharic acid. Hydrogen chioride was bubbled through the solution 
at 0° for | hour, after which it was filtered on to 300 g. of crushed ice made from distilled water. The 
product was neutralised with aqueous ammonia (which helps to coagulate the precipitate), reacidified with 
sulphuric acid, and filtered hot. The purple-blue precipitate was washed with hot water until free from 
sulphate, and then with alcohol, and dried, the yield being 1-1 g. (75%) 


Taare I 
Effect of conditions on the yield of zinc tetrabenzporphin from carboxymethylphthalimidine 
and sinc acetate 
Rath Time of Bath Time of Bath Time of 


Expt. temp. reaction, Yield Expt. temp. reaction , Expt. temp. reaction 
bo (corr % na corr.) brs no (cort 


1° 360 ! 6 340 : 510 


MS 345 7 d 34) 
: 3m) p i) 5 373 5 aM 
J a) ’ ” 300 f : 30 
4s? 30 lo 420 f f 3m 
> M45 S i 4+ 


° Optumum conditions * Anhydrous zinc acetate was used in this experiment 


This material contained a «small amount of zinc which could be removed by sublimation. This was 
done in a Pyrex tube (No. 172, 12 340 mm_), in the middle of which a filter-plate and glass-wool plug 
were heid against indentations. Crude tetrabenzporphin (200 mg.) was introduced behind the plug, the 
pressure was reduced to 2 mm., a slow stream of nitrogen (2 bubbles sec.) was passed through, and the 
tube was heated immediately below the sample. Beautiful purple-blee crystals of tetraben hin 
collected about 5 cm. past the plate, further on there was a zone of brown oil. At the od 4 the 
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sublimation the oil was removed with a pad of cotton wet with methanol, the tetrabenzporphin (110 mg.) 
could then be tapped from the tube (Found ; C, 846; H, 43; noresidue. Cale. for Cy,HyN,) C, 847; 
H, 44%) 

Other Methods for the Preparation of Zimc Tetrabensporphin.— Table I summarises the results obtained 
by the use of other conditions for the preparation of zinc tetrabenzporphin from zinc acetate and carboxy- 
methylphthalimidine. The temperature is important at the lower end of the scale. Thus, below 330° 
the yield falls off (Experiment 2) but the range can be extended upwards from 350° with but little 
decrease in efficiency (Expts. 7—12). The effect of time of reaction is indicated in the four lel 
experiments, 13-16. The optimum conditions, already described in detail, are included as Expt. | 
for comparison. The zinc tetrabenzporphin was estimated spectroscopically in all cases. The sin 
acetate was in the form of dihydrate except where stated 


Taste Ii, 
Preparation of rine letrabenzporphin from miscellaneous reagents 
Conditions 
Reagents. 
Za salt of (1) + Zn(OAc),.2H,O 
Same as 17 
(1) + Zn (metal surface specially cleaned) 
Same as 19 
Same as 19, but with ZnO and uncleaned metal 
Same as 19, but with Zn(OAc),, 2H,0 in addition 
(1) + Zach 
Amide of dy + Zn 
Amide of (I) + Za(OAc), 2H,O 
Methyiphthalimidine + Pa(Orc,).2H,0 


* Variable 


Table II summarises the results obtained on using other reagents. It will be seen that in the reaction 
with zinc acetate, the zinc salt of carboxymethy!phthalimidine (1) was as effective as the free acid (Expts 
17, 18). Expts. 19—23 indicate that zinc acetate was the best form in which to supply the metal he 
amide of the acid (I) was comparatively ineffective as an intermediate but the decarboxylated substance, 
methylphthalimidine, 1s not far inferior to the acid 


(ti) Sudphonation of Macrocycle Pigments. 
1) Phthalocyanine.—-A solution of 5 g. of the metal-free compound in 150 ¢.c. of fuming sulphuric 


acid (30% SO,) was heated for 2 hours at 80-85". The product was cooled and poured into a mixture 
of saturated aqueous sodium chloride (2 1.) and ice (500 g.). The fine, flocculent, green precipitate was 
filtered off on cloth and sqeered dry by hand. It was then dissolved in water, the solution filtered, and 
the green sodium salt reprecipitated by careful addition of saturated aqueous sodium chloride 
solution. The pigment was filtered off on hard paper and washed first with 100 c.c. of 70% alcohol and 
then with 90% alcohol until the washings were free from chloride. The uct, dried to constant weight 
at 135°/1 mm., was a green solid with a red refiex sd (Found: S, 12-6; 12-8; Na, 80, 7-85. Cale. 
for CyH ,O,.N,5,Na,:° S, 14-3; Na, 7-7%. Cale. for welt sOoN aSoNag S, 11-7; Na, 84%. Cale. for 
CygH ,gO_N gSyN 5, 120; Na, 58%). The salt is soluble in water, giving an intensely green solution 
There are no nite bands in the absorption spectrum, which consists of diffuse absorption in the far 
red. The salt is strongly hygroscopic 


(2) Tetrabenstriazaporphin.—2 g. of the metal-free pi t (Barrett, Linstead, and Tuey, loc. cit.) 
were dissolved in a mixture of 30 c.«. of concentrated and 30 c.c. of fuming sulphuric acid (30% SO,). A 
red colour developed at once. After 2 days at room tem ture the solution was poured on ice (400 g ) 
which gave a d green precipitate. The pigment was ved in alkali, and the solution filtered and 
treated with acid. The reprecipitated maternal was concentrated in a centri to a thick green jelly 
which was washed with very dilute hydrochloric acid until free from sulphate he jelly was evaporated 
in a desiccator over alkali and the resulting powder was dred at 80° /1 mm. ; the yield was 520 mg. (20%) 
The tetrabenstriazaporphinsulphomic acid (mainly mono-) was slightly hygroscopic (Found: 5, 6-2, 6-4 
CygH ,,O,N 5S requires S$, 54%. C,H ,O,.N ,S,, the disulphonic acid, requires $, 95%). There were two 
diffuse bands in the absorption spectrum with maxima at 6550 and 6800 a. 

When a similar experiment was carried out but with 30% oleum and no concentrated sulphuric acid, 
no green pigment could be recovered after 30 minutes or next morning 


(3) Zinc Tetrabenzporphin.—A solution of 50 mg. of the pigment in 20 c.c. of sulphuric acid (30% SO,) 
was kept overnight at room temperature. The green solution when poured on ice gave a brown 
precipitate. This dissolved in aqueous ammonia to a green solution, showing a diffuse absorption band 
with maximum at 6320 a. 

(4) Oxidation of Sul d Com 's.—The solution of thalocyaninesulphonic acid in dilute 

ueous sulphuric acid Come. padition of a drop of = /S0-cavke eulphete gives a transitory blue flash 
which reverts in a second to the original green. is can be repeated until all the pigment has been 
oxidised and the solution is colourless (see below). Addition of a drop of permanganate solution to the 
green solution of tetrabenztriazaporphineulphonic acid in dilute alkali also gives a deep blue which fades 
slowly (1 min.) to the original green. A similar experiment on zinc tetrabenzporphinsulphonic acid 
with permanganate gave a persistent deep brown colour. 
9x 
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A sample of about 26 mg. of sodiem phthaioc yaninesulphonate was weighed accurately into a flask, 
dissolved im dilute sulphuric acid, and oxidised at room temperature with x 20-ceric sulphate solution 
The complete oxidation took about 10 minutes; the addition of each drop of re t produced the 
transitory blue already referred to. Tae ene ante a0 Se dee naan, the fi disappearance of 
colour being eflec ted by the addition of ¢.c, of the reagent. The results are tabulated below 


Weight of pigment, mg 0-0497 w-Ce(SO,),, cc. Atoms of oxygen /mole 
224 105 O-98 
320 1” O°” 


The molecular weight used in this calculation was 646, being derived from the analytical figures already 
given for the sodium salt, which correspond to 3-34 g -atoms of sulphur per molecule 


Samples of about 20 mg. each of tetrabenztriazaporphinsulphomic acid were accurately weighed and 
dissolved in 20¢ ¢. of warm water, The green solution was treated with 5 c.c. of concentrated sulphurk 
acid, which gave a green suspension. Samples were treated with 10 cc. of s/20-ceric sulphate solution 
umier the various conditions indicated in the table below, and the product in each case was cooled 
treated with 10 c.c. of ™/20-ferrous sulphate solution, and back-titrated with ceric sulphate. The 
addition of ceric sulphate to the original suspension at room temperature gave a deep blue colour, stable 
for several minutes 


Oxidation of tetrabenstriazaporphinsulphomi acid by cert sulphate 


Uptake of oxygen Uptake of oxygen 
Conditions (g.-atoms ‘meol.) Conditions (g.-atoms/mol.) 
Time, mins Corr.* Time, mins Temp Obs Corr.* 
2 a oo loo 42 40 
” 13 oo loo 42 40 
oo loo 44 +1 
* The correction used is based on the observed oxidation of phthalimide under the same experi 
mental conditions (see following paper), The assumption is made that 4-sulphophthalimide behaves 
similarly 


(5) Fission Products of Phthalocyanimesulphomic Acid: Orientation of Sulphonation.Sodium 
phthalocyaninesulphonate (1-64 g.) was dissolved in 60 ¢ ¢. of warm water. The solution was acidified 
with 4 ¢.c. of acetic acid and titrated with 8) ¢ cof ™/100-permanganate solution. The light brown 
solution was reduced to a faint green colour with a little sodium hydrogen sulphite and was then continu 
ously extracted with ether. The extract yielded 0-14 g. of phthalimide, m. p. and mixed m. p. 220-231" 
(this corresponds to the sulphonic ackl possessing an average of 0-5 unsulphonated benzene ring per 
molec ule. cbewen the analytical figures correspom. to an average of 0-66 unsulphonated unit t 
yield of phthalimide is therefore 75%). The aqueous solution after the ether-extraction was evaporated 
to SH ¢.c., treed from manganese with aqueous ammonia and m sulphide, treated with 3 c.c. of 
10%, aqueous sodium hydroxide, and evaporated further to 10 c.c. This solution was transferred to a 
Cartas tube, evaporated to 2 c¢.c., and treated with 3 g. of solid sodium hydroxide. The tube was sealed 
and heated to 170-180" for 5 hours Under these conditions Dumroth and Fick (Anwalen, 1916, 4]]. 
323) have shown that 4¢-sulphophthalic acid yields 4-hydroxyphthalie acid The contents were taken up 
in 100 © ¢. of hot water, and the solution acidified and extracted continuously with ether. The extract 
yiekied crude 4-hydroxyphthalic acid as a white powder (430 mg.j}. This was esterified with diazo- 
methane, and the phenolic ester extracted with aqueous alkali. Acidification of the alkaline extraction 
followed by basification with sodium carbonate and extraction with ether yielded dimethyl! 4-hydroxy- 
phthalate (260 mg. 20%), m. p. 102-103 After 3 crystallisations from toluene the m. p. became 
constant at 1042-1047 This m. p. is given in the literature as 107-108" (Bentley and Weizman, /_, 
1007, O1, 100) and 102° (Graebe and Rée, /., 1886, 4B, 524) 


Authentic material was prepared for reference by the following route. 4-Amimophthalimide was 
wepared and converted into 4-hydroxyphthalimide following Levy and Stephen (/., 1931, 7%). The 
ydroxy-imide was not, however, isolated; instead, the solution obtained from the diazotisation of the 
amino-imide (5 ¢.) was botled for 3 hours. It was then saturated with salt and extracted with ether 
Removal of the ether left a crystalline solid which was esterified with methanolic sulphuric acid (0 c « 
methanol, 40 ¢.c. sulphuric acid, 2 hours at 65°). Dimethy! 4-hydroxyphthalate was isolated from the 

reaction product by means of ether and purified as described above; the yield was 1-8 g. (30%) and the 
m p 1056-2--106-5°, not depressed by the material prepared from phthalocyaninesulphonic acid 

(6) Miscellaneous Experiments with Sulphonated Compounds — (a) Sodium phthaiocyaninesulphonate 
(100 mg.) was fused with 2 ¢. of potassium hydroxide at 250° for | minute under nitrogen The melt 
when cooled and acidified gave a very pale green solution but no precipitate 





(}) The same eactiom salt (1 ¢.) was heated in a Carius tube with 2 g. of sodium hydroxide and 1 c.c. 
of water, following Dimroth and Fick (/ec. ct.). After 5 hours at 220-250", the solution was cooled and 
dissolved in water. A slight green colour remained. Acidification yielded no precipitate, and ether- 
extraction left the green colour in the aqueous layer it is presumably due to a little unchanged phthalo- 
cyaninesulphonate or geneye to a partly hydroxylated pigment. Extraction of the acidihed solution 
with ether and removal of the solvent left #-hydroxybengot acid as a colourless solid) Esterification of 
this with methanolic sulphuric acid gave methyl! m-hydroxybenzoate, m. p. and mixed m. p. 71-—73° 


(ec) Following Limpricht's general procedure (Her, 1877, 10. 315), 100 mg. of sodium phthalocyanine- 
sulphonate were heated for 5 hours at 205° in a Cartus tube with 2 ¢ c. of concentrated hydrochloric acid 
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but the product was colourless. er Sulphur acndIntrodactem of mercury oe alts (Laer 
one ye introduction of mercury or its salts (Lauer, 
J. pr. Chem.. 1931, 120, 194; SoA Gt) fated to onbeipes the oleatnation of euiphents 
7b Chom at, ta ioe Tan Yas. 


(11) Halogenation of Zime Tetrabensporphin. 

(1) Addston wader Mild Conditions (see Barrett, Bradbrook, Dent, and Linstead, lec. es., p. 1824). A 
known weight (about 0-5 g.) of powdered zinc tetrabenzporphin was shaken im a tall glass-st 
cylinder with a dilute solution of bromine in carbon tetrachloride of known normality. The s was 
allowed to settle, and the amount 4 bromine left unchanged was determined by titration of an aliquot 
portion of the solution with sod Iphate solution. Results are given below 


Addition of bromine to rinc tetrabenzporphin 
Time of Bromine absorbed, Time of Bromine absorbed, 
Expt reaction, hrs g.-atoms mole Expt reaction, hrs g atoms mole. 
Bromine soln. « 0-Ln. Bromine soln O-5N. 
i 25 4 
2 + 45 
3 4a , 6 





“4 yy of Expts. 3 and 6 were heated with 100 c.c. of N-sodium hydroxide in 30%, ethanol at 
wo pad hours) The pigments were recovered and the bromine determined (Found . 048, 0-8 g atom 
of bromine per mole) his shows that the bulk of the 6—7 g.-atoms of bromine taken up under the above 
conditions is in the form of an unstable addition compound 


(2) Substitution. —(a) 200 Mg. of zinc ee phin, in a Carius tube from which the air had been 
displaced with nitrogen, were treated with 1-6 c.c. of bromine which had been dried as vapour over calcium 
sulphate and condensed in an air-free vacuum qyetem One drop of phosphorus tribromide was added, 
the tube sealed and heated at 250° for 4 hours, and the excess of bromine then removed with aqueous 
sodium hydrogen sulphite. The residue of brominated t was ground with 5% ees —- 
hydroxide which left 670 mg. of a black solid (Found: Br, 71-5. Calc. for C,,H,N,Hir Br, 
Extraction of the solid with solvents showed that it was not homogeneous; «¢¢ wifee bes 
extracted with ether, 160 mg. remained as an insoluble residue containing slightly less en 24 ng. wer 
Br, 68-2. Calc. for C,,H,N,Br,,Za : Br, 68-3%). 


(b) 100 Mg. of powdered zinc tetrabenzporphin were refluxed for 24 hours with thionyl chloride and 
sulphury!l chloride (10 c.c. of each). The reagents were removed under reduced pet mage leaving a 
brown tarry solid, which was shaken with water —— a trace of iodine, then ground with 
dilute sodium hydroxide. This left 150 mg. of a greenish solid giving a yellow-brown solution in pyridine 
(Found: Cl, 40-5. C,,.H,N,Cl,,Zn requires Ci, 41.0%). Under the conditions which convert phthalo- 
cyanine into a highly chlorinated derivative (action of chlorine gas on a solution in phthalic anhydride in 
the presence of antimony pentachloride at 250°) sinc tetrabenzporphin was c 
Another distinction between the two classes of macrocyclic pigment is that the action of bromine in 
boiling nitrobenzene decomposes zinc tetrabenzporphin but gives a good yield of brominated 
phthalocyanine 


Hak and sulphur analyses were carried out by the methods of caustic-alkali fusion described by 
Treadwell and Hall (“ Analytical Chemistry,” I], 8th edn., 1935, pp. 307, 337). These methods gave 
satisfactory analytical figures for known b and Iphi -containing phthalocyanines. 

Harvarp Unstversrry, Campxtpor, Mass 

Tue Impeetat Cottece or Science and Tecuwoiocy, 

S. Kensinctrow, Lowpon, 5.W.7. [Recetwed, July Lh, 1950.) 
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Oxidation of Phthalocyanine, Tetrabenzporphin, and Allied Sub- 
stances. 
By R. P. Linsteap and Frepericx T. Weiss 


It is shown that the oxidation of macrocyclic rp of the phthalocyanine type in 


suspension in ae acid peeate in steps. A pu brown intermediate is first formed 
This subseq hydrolysis, in the case of phthalocyanine, or further oxidation, in 
the case of pigments containing methin links. The initial reaction involves addition of oxygen, 
probably in the form of h y! . and not dehydrogenation. The intermediate 
oxidation product from tetra is highly oxygenated and some fixation of sulphuric 
acid occurs. 

The quantitative aspects of the complete oxidation of the pigments have been further 
studied. It is shown that the results ape YY a simple stoicheiometric relationship in the 
case of the pigments containing many 





Ir has been shown in previous papers that macrocyclic pigments of the phthalocyanine type 
are oxidised and hydrolysed in acid suspension by ceric sulphate (Dent, Linstead, and Lowe, 
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J, 1934, 1033, Barrett, Linstead, and Tuey, / , 1939, 1809: Barrett, Linstead, Rundall, and 
Tuey, |, 1960, 1079). The final products are phthalimide (or phthalic acid) together with 
ammonia from nitrogen links and carbon dioxide from methin links. The yield of the final 
products and the quantities of oxidising agent used afford evidence of structure and also a means 
of analysing mixtures of pigments 

All these oxidations actually proceed in steps and we have now made a preliminary 
examination of the intermediate stages. This is the main subject of the present paper, but 
before dealing with it we present below some additional data concerning the complete 
oxidations 

Tetrabenzporphins and tetrabenzazaporphins can all be represented by the general formula 
CylyyN, + #N + (4 — 2)CH. The amount of oxygen theoretically required for oxidation to 
phthalimide and carbon dioxide is given by 1 + 4(4 tr) atoms. For example, tetrabenzmono 
azaporphin (* 1) requires 13 atoms of oxygen. In a previous paper (Barrett, Linstead, 
Kundall, and Tuey, loc cit.) the following figures were given to summarise the quantitative 
oxidation of the various compounds 


Phthalo Tetrabenztri Tetrabenzmono- Tetrabenz- 
Compound cyanine azaporphin azaporphin porphin 
s- a 3 1 0 
Atoms of oxygen used 
Cak 1 5 13 17 
Found 10 1s 12:5 16-2 


These calculated figures assume a complete oxidation of the great mng and no oxidation of 
the benzene ring. We now find that in the comparatively long oxidations which are necessary 
for the compounds with many methin links, a perceptible oxidation of phthalimide occurs 
under the conditions of reaction. This is not true for phthalocyanine, which is oxidised within 
a few minutes at 60°; the oxidation of phthalimide in this case is negligible, and a result in 
agreement with the simple theory is obtained. But in the case of the methin-linked pigments a 
part of the observed uptake of oxygen is due to the oxidation of the aromatic rings and the 
figures given above need correction. This is small for the triaza-compound but may amount 
to up to | atom of oxygen for the less nitrogenous pigments. For example, new determinations 
on the oxidation of tetrabenzporphin—the purity of which was shown by analysis and by 
spectroscopic examination—showed that when the oxidation of phthaliraide was corrected for 
by blank experiments, the oxygen uptake was only 14°5 instead of the calculated 17 atoms 
This figure corresponds with complete disappearance of visible colour and with an apparent 
cessation of oxygen uptake. Possible explanations are either that a smal! amount of aerial 
oxidation occurs or (more probably) that colourless intermediate oxidation products are formed 
which involve the methin links. Perhaps some may persist as carboxylic acids 

The same effect can be seen to operate in the results tabulated below. These were obtained 
on pigments isolated from the reaction of phthalonitrile with successively larger amounts of 
methy!magnesium sodide 


higment 
Moles of MgMel per mole of nitrile 
Atoms of © required for oxidation 


N, % found 


; Calc. from oxidation 


No. o har “ 
{CH hnks per moles ule) Cak from N analysis 


Pigments | and 2 are clearly nearly pure tetrabenztriazaporphin. Pigments 3 and 4 contain 
considerable amounts of less nitrogenous macrocyicic pigment, so that statistically they 
correspond roughly to tetrabenzdiazaporphin. It will be observed that the number of methin 
links shown by oxidation of samples 3 and 4 is slightly smaller than that shown by nitrogen 
analysis. This indicates incomplete reaction 

The results of oxidation of the compounds with more than one methin link do not therefore 
give completely precise information on structures, although they do enable a useful general 
estimate to be made 

Partial Omdations —-Work in this field is made difficult by the unstable nature of the 
products, which cannot be crystallised or obtained with certainty in a state of purity. Some 
progress has, however, been made in the manner described below 
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When a suspension of phthalocyanine in dilute sulphuric acid is treated im the cold with a 
small amount of oxidising agent (permanganate, ceric sulphate) the original blue colour changes 
immediately to a deep reddish-purple. On storage in the cold the purple solid passes into 
solution. Tetrabenztriazaporphin gives a similar purple solid, but its suspension is more stable 
and can be heated for several hours without complete decomposition. Tetrab 2a 
porphin and tetrabenzporphin resemble the triaza-compound, and are even more stable 

The amount of oxidising agent involved in the formation of the purple solid can be 
determined by treating the pigment at 0° with an excess of » /20-ceric sulphate. After a suitable 
interval the solution is filtered and the excess of oxidizing agont is titrated with standard 
ferrous sulphate. In this way it can be shown that phthalocyanine takes up one atom of 
oxygen per molecule instantaneously, and the purple compound so formed does not react 
further at 0°. Tetrabenztriazaporphin and its copper derivative also take up one atom of 
oxygen immediately at 6°, but this is followed by a slow further uptake which presumably 
approaches the final value of 5 atoms theoretically required for complete oxidation. It is 
reasonable to suppose that the primary purple oxidation products from the two pigments, 
which are at a higher level of oxidation by one atom of oxygen per molecule, are formed by 
analogous reactions. The subsequent difference arises from the fact that the primary product 
undergoes hydrolysis in the case of phthalocyanine, and slow further oxidation in that of the 
triaza-compound 

The composition of the purple compounds was next examined. It seemed tolerably certain 
that no ring fission had occurred because the primary oxidation products regenerated the 
original pigments on treatment with ferrous sulphate or stannous chloride. Moreover, similar 
reductions occurred when attempts were made to crystallise the purple compounds from organic 
solvents. The oxygen must therefore act in one of two ways: either (a) it removes two 
hydrogen atoms (or the equivalent metal) from the centre of the great ring, or (6) it adds to the 
molecule, probably in the form of two hydroxyl groups. These two possibilities are represented 
below, where P denotes the molecule of macrocyclic pigment less the acidic hydrogen atoms 

() PH, +O —>» P+H,O 
6) PH,+0+H,0 —> PHYOM, 

It has been shown experimentally that the hypothesis of dehydrogenation (4) cannot account 
for the oxidation of copper tetrabenztriazaporphin. Hence it is reasonable to suppose that it 
is also untrue for other compounds of this type. If the oxygen acted as a dehydrogenating 
agent then it would act on this copper pigment by forming a dehydro-compound with 
elimination of metal. Reduction of the intermediate would then yield a metal-free triaza- 
compound. Experiment shows that this is not true; reduction of the purple intermediate 
actually re-forms the original copper pigment 

However, this argument m not quite conclusive. The purple intermediate might be a 
complex copper sulphate, formed by dehydrogenation, in which the metal is co-ordinated 
with all four central nitrogen atoms : 

PCu + O + HSO, —> P,Ca**SO>~ + HO 
If this explanation were true, reduction of the intermediate would regenerate the original copper 
compound, as experiment shows to be the case, but would at the same time liberate a molecule 
of sulphuric acid. Experiment showed that no sulphuric acid is formed 

It is therefore concluded that the initial action of oxygen must be one of addition 
(equation 6), possibly the hydroxylation of a bridge double bond. Thus, the purple 
compound from tetrabenztriazoporphin might be (I). We endeavoured to confirm this by 
hydrolysing the purple intermediate from the triaza-compound into two molecules of 


 / Os i 
x OH f Xu & [on 


“N—-OH 





(IL.) 


< O a) 


phthalimide and one molecule of ditsoindolylmethin (such as 11). The purple compound was, 
however, stable to mild hydrolysing conditions. On more drastic treatment it disproportionated, 
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half yielding the original triaza-pigment and half dissolving When two atoms of oxygen were 
used the purple pigment rapidly dissolved under hydrolysing conditions. Extraction of this 
acid solution with ether yielded rather more than the amount of phthalimide calculated for the 
above scheme Alter basification, the solution yielded coloured tarry material which may 
possibly have corresponded to the oxidation products of the diisoindolyimethin. The 
corresponding simple tscandole bases are very susceptible to oxidation in ethereal solution 
(Linstead and Nobile, /., 1937, 933) 

We next examined the much more complicated cases of tetrabenzporphin and tetrabenz- 
monoazaporphin. These substances give intermediate oxidation products which are brown 
rather than purple and are more stable towards reducing agents. The partial oxidation of 
tetrabenzporphin with acid cer sulphate at 0° resulted im an uptake corresponding to about 
9 atoms of oxygen per molecule in 12 hours. After this there was little further reaction 
Similarly a sample of pigment, which from the nitrogen analysis contained 1°3 nitrogen links, 
took up 5 atoms of oxygen in about 6 hours at 0°, after which oxidation virtually ceased. These 
high figures for the oxygen uptake at 0° support the view that addition rather than 
dehydrogenation is involved 

It was not possible to purify these oxidation products by crystallisation or other conventional 
methods, and this made it impossible to ensure that homogeneous products were obtaimed or 
that the results of different preparations were exactly the same. However, the materials, dried 
to constant weight, gave analytical figures which, although varying to some extent from 
preparation to preparation, provided highly significant information. Thus the analytical 
figures for a sample of the oxidation product of tetrabenzporphin are shown below in comparison 
with those for the parent compound 

H, % N,% 5. % O, % (by ditt.) 
Tetrabenzporphin 43 110 0 9 
Oxidation product 50-0 405 77 404 25-2 


It will be noted that the oxidation product contains sulphur, presumably present as a 
sulphuric ester of a hydroxy! group. If we assume that the oxidation product has suffered no 
lows of carbon of nitrogen from the molecule, then the molecular weight, calculated from the 
carbon of nitrogen values, is about 735. Even if all the sulphur is present as a sulphonic acid 
group, the great fall in carbon and nitrogen content cannot be accounted for from the 
introduction of sucha group. An increase of 150 in the molecular weight is caused by addition 
of oxygen alone. This would correspond to about @ atoms of oxygen (144) or 9 hydroxy! 
groups (153) and this agrees with the oxygen uptake, measured volumetrically 

In summary, the various evidence can all be accounted for on the following grounds (1) the 
oxidation product of tetrabenzporphin is formed by the addition of § hydroxy! groups to four 
of the double bonds (probably the double bonds linking the rings); (2) this primary product 
undergoes slight further oxidation and there is some fixation of sulphuric acid, presumably by 
a hydroxyi group 

Unlike the parent compound, the oxidation product of tetrabenzporphin is completely 
soluble in dilute caustic alkali The alkaline solution ts green but shows no definite absorption 
spectrum. It regenerates the brown oxidation product on acidification. We could observe 
no reaction of the oxidation product with methy! sulphate, acetic anhydnde, or hydrazine 

The oxidation product of tetrabenzporphin could be dissolved in pyridine and in acetone 


The solutions showed the absorption spectrum of tetrabenzporphin. This must be formed by 


disproportionation. It cannot be present as an impurity because of the complete solubility of 
the oxidation product in alkalh Spectroscopic assay shows that about one-third of the oxidised 
pigment is converted back into tetrabenzporphin im pyridine solution. This is consistent with 
the analytical figures: 3 moles of the primary oxidation product of tetrabenzporphin will 
contain about 3 « 9 27 atoms of oxygen, which is approximately the amount required for 
complete oxidation of two moles of the pygment (2 mas 20 atoms 

Recause of their lability, it 1s diffeult to advance structures for compounds of this type 
with any certainty The proposals which are made above, although satisfactory, are not unique, 
and the formation of carbonyl groups on the meso-carbon atoms is not excluded 

These results may be compared with those from the oxidation of porphyrins observed by 
Hans Fischer He obtained, for example, a vellow tetroxide and a colourless dioxide from 
wtioporphyrin, but these failed to react with carbonyl! or hydroxy! reagents | Fischer and Stern, 
* Die Chemie des Pyrrols,”” Vol LH, (2), p. 423 

Attempted Simulation of Lemberg's Oxidations — Lemberg (Biochem. ]., 1935, 29, 1322) has 
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shown that hamin undergoes fission of the great ring when treated with oxygen in an aqueous 
pyndine solution containing hydrazine. After a series of changes the bile pigment biliverdin, 
which contains a chain of four pyrrole units, is ultimately obtained. We attempted the same 
type of oxidation by passing oxygen through a pyridine solution of ferrous tet 

using hydrazine as substrate, but no reaction was obsefved even at 80°. With glucose as 
substrate, the green solution slowly became brown and a weak band developed with maximum 
at 62204. No definite product could, however, be isolated; neither could definite results be 
obtained by the use of either benzaldehyde or maleic anhydride as substrate. A solution of 
ferrous phthalocyanine in pyridine containing hydrazine changed from green to brown when 
oxygen was passed through it, but no definite spectrum appeared 


EXPERIMENTAL. 


(1) Materials —Metal-tree tetrabenztriazaporphin was following Barrett, Linstead, and 
Tuey (lec. ett.) and crystallised from chi . etrab ee was made from 
hthalonitrile and methyimagnesium iodide (24 moles) (Barrett, Linstead, RK and Tuey, loc. cst.) 
t was crystallised from « ie oe ee sublimed at 3mm. Zinc tetrabenzporpbin was — 
as described in the ep Fw The copper tetrabenztriazaporphin was a sample prepared 
Dr G. A. P. Tuey he pht epaaien was an analytically pure reference sample 
(2) Complete Oridations.—-Quantitative oxidations were carried out in Erlenmeyer flasks covered by 
watch-glasses and heated in a boiling-water bath. Approx. 4) mg. of the ment were weighed out 
accurately, dissolved in 5 c.c. of concentrated sulphuric acid, and precipitated by the addition of 30 g. of 
ice made from distilled water. 5) c.c. of N/20-ceric sulphate ee ied, the solution was heated for 
the required time, cooled, treated with 50 c.c. of » /20-ferrous sulphate, and back titrated with x /20-ceric 
sulphate. Phenanthroline-ferrous sulphate was used as indicator and was —= to diphenylamine 
The colour change is from red to green and is sensitive to 0-02 ¢.c. of » eric sulphate 
The following blank experiments were carried out. Ceric sulphate was unchanged under the reaction 
conditions when heated at 100° for 2 hours either alone or with Iphat Experiments with 
phthalimide equivalent to 50 mg. of pigment were carned out, a concentration of ceric sulphate — 
used which corresponded to that prevailing at the end of a quantitative oxidation of pigment. The bilan 


reaction after various periods at 100° is shown below, the results being expressed in atoms of oxygen per 
4 moles of phalthimide 








Time (hours) 1 15 2 4 cy 
Uptake of oxygen 2 03 o4 Os i4 


Willard and Young (/. Amer. Chem. Soc., 1930, 68, 132) found that ceric sulphate slowly attacks phthalic 
acid at 05 


Tetrabenztriazaporphin (metal-free) gave the following oxidation figures under the above conditions 
The third line gives the uptake of oxygen corrected for the oxidation of phthalimide 


Time (mins ) 60 wo 100 120 140 
Uptake of oxygen (atoms), obs Sa 55 55 57,548 Sa 


corr 52 52 52 53,54 53 


The number of methin links calculated from the value of 5-3 atoms of oxygenis ll. This sample of 
triaza-pigment had been prepared from methylmagnesium iodide and an excess of phthalonitrile 
(1-4 moles). The nitrogen content was 18-8%, whereas that calculated for pure tetrabenztriazaporphin 
is 191%. On the assumption that the material is the triaza-compound containing a small amount of 
less nitrogenous pigment of the C,,H,.N, + #N + (4 — 2)CH series, it is possible to calculate the 
number of methin links from the nitrogen analysis. This gives a figure of 1-1 in agreement with the 
result of oxidation 


Tetrabenzmonoazaporphin (metal-free) gave the following oxidation figures under the same 
conditions 


Time of reaction (mins.) wo 110 Iwo i” 
U — of oxygen (atoms), obs : 10-2 10-8 10-9 10-7 
, » . cont ; 98 1O-4 10-5 10-2 


The figure of 10-4 atoms of oxygen corresponds to 2-4 methin links. This sample of tetrabenz 


monoazaporphin had N, 14-4% (Calc. for C,,H,y,N,> N,13-7%). This nitrogen figure corresponds to 2-7 
methin links 





Another ple of “ m t showed an oxidation figure (corrected) of 90 atoms in 
1%) tes, corresponding to 20 ft on links. The nitrogen content was 155%, corresponding to 
2-3 methin links 

Zinc tetrabenzporphin gave the following oxidation figures. The theoretical oxygen uptake is 
17-0 atoms, assuming no oxidation of the benzene rings and complete oxidation of the great ring 

Time of reaction (mins.) paaee 215 5 570 
Uptake of oxygen (atoms), obs. ................ . 5 64 15-5 16-0 
ee * pm . , , 146 136 le! 
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The products of this owidation were isolated as follows: 400 mg. of zinc tetrabenzporphin were 
treated with 800 ¢.c. of »/20-cerc sulphate at 100° for 10 hours. An excess of ferrous sulphate was 
added and the solution was continucusly extracted with ether. Evaporation of the ether left 360 mg 
(65%) of pithalic acid, m. p. 190-195", identified as the anhydride, m. p. and mixed m. p. 129-130 
When the solution was made basic, cerium and iron were precipitated as hydroxides. The precipitate 
was filtered off, dried, and extracted with ether (Soxhlet), and the basic filtrate was also continuously 
extracted with ether. The combined extracts on evaporation yielded a few mg. of a ight red oi). On 
treatment with methanol and hydrochloric acid this was converted into a microcrystalline colourless 
solid, but the amount was toe small for further investigation 

(3) Partial Oxidations.-W mg. of phthalocyanine were dissolved in 10 c.c. of sulphuric acid and 
quenched with 30 g. of ice —_— from distilled water. The fine blue suspension was stirred at 0”, 
and 5) ¢.c. of /20-certc sulphate were introduced. At the end of the reaction the purple suspension was 
removed on sintered glass, and the filtrate treated with 3) cc. of w /20-ferrous sulphate and back-titrated 
with w/20-ceri sulphate (phenanthroline The uptake of oxygen during reaction permis of 
1.10 minutes corresponded to 1 atom. This figure is the same as that found by Dent, Linstead, and 
Lowe (loc. cst.) for the complete oxidation 

Tetrabenztriazaporphin (metal-free, complete oxidation figure at 100° 5-4 atoms of oxygen) was 
similarty treated. The uptake of oxygen increased with time as follows 
2-5 
I 


5 55 


Time (hours) 
Oxygen uptake (atoms) 


i 15 
12 13 


A second sample of the same pigment with a complete oxidation figure at 100° of 5-8 atoms of oxygen 
gave the following figures for partial oxidation at 0 


Time (hours oO: ! 2 6 iz 
Oxygen uptake (atoms 15 16 16 185 2 


These figures, which give an approximately linear plot. were obtaimed by the use of a considerable 
excess of cer sulphate (about 15 moies), and the concentration of this therefore remained effectively 
constant. When the second sample of tetrabenztriazaporphin was oxidised with only 10 ¢.¢. of the 
ceric sulphate (about 3 moles) a curve was obtained 


Time (hours Os O75 { 20 30 50 
Oxygen uptake (atoms 06 os 10 25 145 15 165 


Partial-oxtdation Products of Tetrabenstriasaporphin 1) The following experiment was designed to 
see if it were possible to hydrolyse the purple substance obtained by the addition of one atom of oxygen 
to tetrabenztriazaporphin 35 mg. of the pigment in acid suspension at 0° (10 c.c. of sulphuric acid 
12g. of we) were treated with an amount of s 20-ceric sulphate exactly equivalent to one atom of oxygen 
After 10 minutes the mixture was heated, and the purple suspension wee rapidly to green. This 
apparently corresponds to a disproportionation which regenerates some tetrabenztriazaporphin and 
yields a product at an oxidation level of 2 atoms of oxygen which goes into solution The same result 
was obtained when 6n-sulphurte acid was used 

(2) Tetrabenztriazaporphin dissolves readily when its suspension in sulphuric acid is treated with 
2 atoms of oxygen. 800 mg. of the pigment in acid suspension (50 « of sulphuric acid, 158) g. of ice 
were treated with 130 ¢.c. (2 atoms) of ~/20-ceric sulphate solution. The mixture was left at 0° for 
10 minutes and then heated on the steam-bath for the same time The yellow solution was then filtered 
from a small brown residue (about 20 mg treated with ferrous sulphate, and extracted continuously 
with ether for 16 hours. The extract wielded 550 mg. of phthalimide (m. p. and mixed m. p The 
weight of phthalimide which is theoretically obtainable from the fission of 3 nitrogen links would be 
475 me he reskinal aqueous solution was made alkaline, the precipitate of inorganic hydroxides was 
filtered off and extracted with ether (Sexhlet), and the basic filtrate extracted continuously with ether 
The green extracts were comtuned and evaporated. they yielded a brown tar giving a brown solution in 
methanolic hydrochloric acid. No crystalline prodacts could be isolated 


Partial ontdation Product from Copper Tetrabenstriazaporphin The copper tetrabenstriazaporphin 
used had N, 16-7%, (corresponding to 1:16 methin links) and a complete oxidation figure at 100° of 
4-4 atoms (corresponding to 0-8 methin link The partial oxidation figure in | hour at 0°, determined 
as described above. was |) atom 


480 mg of this compound were dissolved in sulphuric acid (20 ¢.c.) and quenched with ice (30 ¢ 
The suspension was treated with 100 of s 20-cersc sulphate solution, and the mixture left at 0° for 
| howr with occassional shaking The purple solid was then collected on sintered glass and washed with 
very dilute hydrochloric acid antil the washings were free from sulphate. Washing with pure water led 


to the formation of a wery fine suspension which passed through the filter 


The purple solid was reduced by stannous chioride solution (2 g. of dihydrate in 200 c.c. of w/10 
hydrochlortc acid) which regenerated copper tetrabenztriazaporphin (230 mg.) indistinguishable from 
the starting material The filtrate gave a precipitate of barium sulphate which weighed 2 mg., whereas 
the amount which would have resulted from the decomposition of an equivalent amount of a pigment 
PCa’ "SO, is 04 me 

Partial Ordations of Tetrabensmonoacaporphin and Tetrabensporphin — These were carried out as 
lescribed for tetrabenrtriazaporphin except that the weight of pigment was only 10 mg. The monoaza- 
pigment contained 2.7 methin links from the nitrogen analysis It gave the following figures at 0 


Time (hours) 75 10 20 
Oxygen uptake (atoms : 0 50 56 
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Sublimed tetrabenzporphin gave the following partial oxidation figures 


Time (hours) ex 3 5 s i“ 15 25 
Oxygen uptake (atoms) 77 a7 95 96 96 10-0 


Ondation Product of Tetrabenzporphin.—400 mg. of tetrabenzporphin were dissolved in 30 c.c. of 
sulphuric acid, precipitated with 100 g of ice, and partially oxidised for 4 hours at O° with 340 ¢.c. of 
~ fo. ertc sulphate solution. The brown suspension was filtered off on hardened and washed at 0° 
until free from sul te The filtrate gave a red colour with phenanthroline which indicated that all the 
cere sulphate had been consumed (oxygen uptake 10-7 atoms). The oxidised pigment was dried over 
phosphoric oxide at 25° 0-5 mm. for several days to constant weight; the yield was 114 mg. of a brown 
amorphous solid (Found: C, 500; H, 405; N, 7-8, 7-65; 5S, 440%). On treatment of this material 
with dilute aqueous potassium hydroxide, it went into solution im sately to give a green solution with 
no characteristic absorption bands. Acidification of the solution re-formed the brown solid. Cold 
pyridine dissolved oxidised gate ae go at once to a deep green solution with the trum of 
tetrabenzporphin. From the intensity of the band at 6200 4. the weight of tetrabenzporphin formed 
was equal to 35%, of that of the uxidised pigment 


Two other samples of oxidised tetrabenzporphin were prepared, shorter times of reaction being used 
These less oxygenated materials behaved differently towards aqueous alkali as indicated below 


Oxygen uptake (atoms) 10-7 78 43 
Solutihty in KOH Soluble Saluble Partly soluble 
Colour of alkaline solution . Green Brown Yellow 


The colour of the alkaline solution of the intermediate sample (7 8 atoms oxygen) was converted at once 
into the green of the more highly oxidised state by addition of a few drops of alkaline permanganate 
solution 


Attempted Oxrdations of Ferrous Pigment by Atmospheric Oxygen.—-Ferrous tetrabenzporphin, 
prepared by Barrett, Linstead, Rundall, and Tuey’s method (Joc. eif.), had absorption maxima at 596 
574, and 550 my. as previously reported. 50 mg. were dissolved in 10 cc. of pyridine and 0-5 c.c. of 
water and treated with 6 drops of hydrazine hydrate (85%). A rapid stream of oxygen was passed 
through the solution at 80°. No change could be observed in the spectrum or in the visual colour of the 
solution 


A solution of 300 mg. of ferrous tetrabenzporphin in 0) ¢.c. of pyridine was heated to 80°, and a 
vigorous stream of oxygen was passed through it. A dilute aqueous solution of glucose was introduced 
dropwise during 7 days. At the end of this time the colour of the pyridine solution had changed from 
green to red-brown. The ferrous tetrabenzporphin bands had disappeared from the spectrum, which 
now showed a weak maximum at 6260 a. and diffuse absorption in the far violet. Attempts to separate 
a definite product by chromatography or crystallisation were fruitless. Similar changes were observed 
when ferrous phthalocyanine was treated in the same way 


The nitrogen analyses described in this paper were carried out by the Kjeldahl method, no catalyst 
being necessary. The ammonia was distilled into 4%, boric acid solution, followimg Meeker and Wagner 
Ind. Eng. Chem, Anal, 1933, § 396; 1034, 6, 473) 
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583. The Formation of Crystalline Complexes between Urea and Esters, 
and their Application to the Separation of Mixtures of Esters. 


By R. P. Linsteap and Marcarer WHaLtiry. 


The remarkable difference between hydrocarbons contaiming normal and branched chains in 
their power of forming complexes with urea is also met among carboxylic esters. A number of 
branched-chain esters failed to form crystalline complexes under conditions which yielded 
stable adducts from normal esters with a total chain length of about ten atoms. Slightly shorter 
normal chains gave less stable complexes and very simple esters none at all. The difference in 
properties has been used to separate mixtures of esters 


Tuere has recently been considerable interest in developments of the discovery made by Bengen 
(G.P. Appn. O.Z. 12,438, March 18,1940; Bengen and Schlenk, Experientia, 1949, 5, 200), that 
urea formed crystalline adducts with normal, but not with branched-chain or cyclic compounds 
Schlenk has made a detailed examination of the phenomenon (A mnalen, 1949, 565, 204: cf. also 
Zimmerschied, Dinerstein, Weitkamp, and Marschner, ]. Amer. Chem. Soc, 1949, 71, 2047) 

As there were under investigation in these laboratories a number of normal and branched- 
chain esters of suitable chain length, their reaction with urea was examined to see if there were 
differences in behaviour which might lead to methods of separation. When our experiments 
began, no details of the method were available. Accordingly a general technique (described in 
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the Experimental portion) was first tested against pure hydrocarbons, crystalline and stable 
urea adducts being readily obtained from n-decane, n-undecane, n-tetradecane, and n-undecene 
Unstable adducts were isolated from di-n-buty! ether and di-n-hexy! ether, but no adduct from 
anisole, “ Stability “ in this paper is used in the sense of resisting decomposition by treatment 
with cold ether or light petroleum. 

The procedure was then applied to carboxylic esters. Stable crystalline adducts were isolated 
from the following esters of monocarboxylic acids ethyl myristate, n-decanoate, octanoate, 
and crotonate (which reacted slowly). Ethy! acetate and diethy! oxalate failed to yield adducts. 
Among the esters of dicarboxylic acids, diethy! succinate, adipate, azelate, and sebacate gave 
urea complexes readily, diethy! malonate more slowly. As among hydrocarbons, branched- 
chain compounds of comparable molecular length failed to react. Thus, diethy! a-methyl- 
succinate, dimethyl $-methyiglutarate, dissopropy! adipate, and dimethy! 6$’-dimethylsuberate 
all failed to give crystalline adducts. Methy! salicylate and ethyl benzoate also failed to react 
Ethyl 3-methylundecanoate formed a urea complex very slowly 

At this stage the appearance of Schienk’s paper (/oc. cit.) showed that he had already observed 
that certain normal esters resembled normal hydrocarbons in their behaviour with urea 
he obtained complexes from nine esters, but does not descnbe any examination of branched-chain 
esteTs 

Taking all the results into consideration the known behaviour of carboxylic esters towards 
urea can be summmarised as follows ; (i) Esters containing a straight chain of from 9 to about 20 
atoms form stable crystalline adducts with urea (for this purpose the -CO,- group is counted as 
2 atoms). (ii) Cyclic and branched-chain esters fail to give stable complexes unless there is a 
long straight-chain sector in the molecule, as in 3-methylundecanoie ester 

In agreement with Schlenk the proportions of urea to ester in the adducts do not correspond 
with definite stoicheiometric ratios. Analyses of a number of our products showed them to 
contain urea : ester in molar ratios of the same order as those reported by Schlenk, 1.¢., from 
9-14 of urea to | of ester. However, the proportions were not reproducible and in the one 
case (diethy! sebacate), in which we had studied an ester examined by Schlenk, our ratios 
differed slightly from his. All our complexes were dissociated into their components by cold 
water. There is little doubt that they are of the general type established by Schlenk in which 
the norma! hydrocarbon or ester lies in the central lumen of a modified urea lattice 

These differences have been applied to the separation of the mixtures of esters given in the 
following list. The component which yielded the urea complex is given first : (1) diethyl adipate 
and ethyl benzoate; (2) diethyl adipate and methy! salicylate; (3) diethy! adipate and ethyl! 
crotonate, (4) dimethy! adipate and dimethy! $-methyiglutarate; (5) diethyl sebacate and 
dimethy! §8"-dimethylsuberate. All these separations were clear-cut. The third was possible 
because of the much lower stability of the urea complex of ethyl crotonate than that of ethyl 
adipate. A satisfactory separation of ethy! crotonate and ethy! benzoate could not be achieved 
Separations involving ethyl! succimate as the complex-former were also less satisfactory owing 
to the low stability of the complex 

EXPERIMENTAL 

General Procedure for Detecting Complex Formation 
methanol, and the second component (100 mg.) added 
in crystalline form and a disappearance of the liquid 


’) mi! of light petroleum (b. p. 4-60") 
wetroleum 


Urea (300 mg.) was moistened with 4 drops of 
Complex formation was indicated by a change 
After 30 minutes the solid was triturated with 
or with dry ether if the second component was insoluble in light 
The solid complex was dried and decomposed by the addition of a few drops of water (A 

he light petroleum or ethereal washings were washed with water, dried, and evaporated to dryness (B) 
The appearance of oi! at (A) but not at (B) showed the formation of a stable complex 


The behaviour 
of the 29 compounds tested has already been summarised 


Separation of Esters —-Geneval method A mixture of substance A (a complex former 
substance ff (5 ¢.), dissolved in light petroleum (b. p. 40-60") (80 mi 
had previously been moistened with methanol 
filtered off, and washed with light petroleum (200 mi 
dried (Na,SO,), and evaporated, yielding substance B. The solid complex was decom 
the oi] was extracted with ether (5 = 30 ml), and the ethereal extracts were washex 


(5 2¢.) and 
was added to urea (25 g.) which 
The mixture was set aside overnight, and the complex 
The filtrate was washed with water (3 « 30 ml 
sxosed with water 
F thescuntihs with 
} and evaporated, giving substance A The tests for purity described below were 
Ned products 


water, dried (Na,SO 
made on the undistil 


Results of Separations (1) Diethyl adipate and ethyl benroate 
(ioe%, Equivalent on hydrolysis 147 (Cale, 150 
(75%) (Found equiv., 102. Cak equiv, 101) 

(2) Diethyl adipate and methy! salicylate The methyl! salicylate 


completely soluble in alkali. The diethy! adipate fraction (3-02 ¢ 
ferre chloride solution 


Recovery of ethyl benzoate 50 
The recovery of diethyl adipate was 3-76 ¢ 


recovered (4:73 g., 04%) was 
78%, recovery) gave no colour with 
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(3) Diethyl adipate and ethyl crotonate. Recovery of ethyl crotonate 2-8 g. (56%). anes ond 
ation over Raney nickel, 0-05 g. absorbed 179 ml. (Cale.. 186 mi.) No hydrogen was absorbed w 
ped She Ses ens Saaees Hale SS a3¢.; 86% recovery) was shaken with Raney nickel in an 

of h 


(4) Demethyl adipate and dimethyl 8- Dimethy! 8-methyighutarate a= = 
recovery) was identified by the tion (in Ny requres rag i 
(Found: C, 41-1; H, & N, 34. Coll Oe? 41 1; N, 322 sa, a 
hydrazide (97% yield), m. p. and mixed m. “et Moin « 1° (Curtius, J. pr. Chem., 1915, ae 8. 4, gives 
m. p. 171"), was prepared from the recovered dimethy! adipate (4-45 g.. 89% recovery). 

(5) Diethyl sebacate and dimethyl BB’-dimethylsuberate. Diethy! sebacate (4-40 fi 89%, recovery) 
was identified by preparation of sebacodihydrazide, m. p. and mixed m. p. 183—185° (Steller, /. pr 
oy 1900, (i), 6B. 220, found m. p. 184-185") (yield, 88%). Dimeth , | yp re aa ame 
(2. ; 64% recovery from 4 ¢.) gave an equivalent on hydrolysis of 113 (Calc., 

es Diethyl succinate and dicthyl methylouccinate. A small yield (1-91 g.: a rec ) of pure 
drethy! succinate, identified by preparation of the dihydrazide, m. p. and enined m. p. 165-167" (Bulow 
and Weidlich, Ber, 1906, 39, 3376, give m. p. 167°) (73%, yield), was obtained from the urea complex. 
The second fraction (5-42 g.) was a mixture of the two esters, the derivative obtained with hydrazine 
hydrate having an indistinct m. p 

(7) Deethyl succinate and ethyl benzoate. Determination of the equivalent by hydrolysis revealed that 
pure diethy! succinate (1-83 g.; 39%) was obtained (Found : 87-5. Cale 740). ¢ fraction which 
did not form a complex (6-6 g.) was clearly a mixture (Found : equiv., 130) 

(8) Dihexyl ether and anisole. Some dihexy! ether (1-81 g.; 36%) was extracted from the mixture 
No anisole prcrate could be obtained from a chloroform eutution of this fraction 


We are grateful for the award of a Ramsay Memorial Fellowship to one of us (M. W.). We are 
indebted to Messrs. J. C. Lunt and B. R. Shephard of this College and to Dr. 5. L. 5. Thomas of the 
Chemical Research Laboratory for samples of esters and hydrocarbons 
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584. Atom Polarisation. Part I. The Solvent-effect Theory and its 
A pplication to the Molecular Refraction and Polarisation of n-Paraffins 


in the Liquid State. 
By Axnotp Aupsiey and Frank R. Goss. 


By means of new measurements of the refractive indices and dielectric constants of all the 
»-parafiins from #-pentane to »-heptadecane, and by application of the solvent-effect theory it 
1s possible to express molecular refractions and polarisations in both the liquid and the gaseous 
state in terms of serves and constitutive constants of both electron and atom polarisation for the 
various bonds and atoms, and also in terms of anisotropic factors associated with them in the 
liquid state. These anisotropic factors are related to the size and shape of the molecules in a 
manner precisely analogous to the solvent-effect constants which determine the magnitude of 
the solvent-effect in dipole-moment measurements by the solution method. 


Evaluation of the Parameters of the Solvent-effect Equation.— Both theory and experiment indicate 
(J., 1937, 1915; 1940, 752; 1942, 358) that the molecular polarisation of liquids and also the 
partial polarisation P, of any one component of a binary liquid mixture are composed, not only 
of the three simple terms, electron, atom, and orientation polarisation arising from the natural 
mobilities of the electrons, atoms, and molecules respectively, but also of modifications of these 
by solvent effects. Among these solvent effects are the cavity field (which, together with the 
orientation polarisation, is given by Y /e) and the reaction field [Z(e 1)*/(¢ + 2)*) where Y and 
Z depend on solute shape and are related quite simply to the values which the molecular 
polarisation of the liquid would have if the dielectric constant could attain the values of unity 
and infinity The unknowns, Y and Z, can be calculated from the solvent-effect equation 


Pi = Py... + (Vie) + (Ze — U/le+ BP. . . © « + 


as previously described (Joc. cit.), whereas the third unknown, the elastic polarisation P,, , 
cannot in general be measured directly. Because of this the value of P,, , has frequently been 
assumed to have a fixed arithmetical ratio to the molecular refraction, although it has actually 
been found to vary within wide limits (cf. Watson and Ramaswamy, Proc. Roy. Soc., 1936, A, 
156, 144). The value of P,. , can, however, be estimated by the elimination method previously 
described (J, 1940, 752, Fig. 4) provided that vapour measurements can be made on the 
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substance. It was concluded from the data for non-polar compounds that the differences 
between P, , values for simple substances in liquid and in vapour form are in genera! not more 
than 02, and hence that the values given by the elimination method would also not have an 
error greater than +02. When this method was applied to methyl! and ethy! iodides (/., 1941, 
4, Table IV) it was found that, although the ratio of the elastic polarisation to the molecular 
refraction (P, , ,/ R\,) for these substances had quite different values (1:13 and 1°10 respectively), 
the values of P,,, itself were separated by an increment of 4°8, approximating to that for the 
molecular refraction of these substances. From this isolated case it could be concluded that 
the atom polarisation is not a fixed percentage of the refraction and that it changes by only a 
small amount in passing from the first to the next member of the series 

There is no doubt that the atom polarisation is much more susceptible to constitutive changes 
than is the electron polarisation, but there is no evidence to show that, in the simplest types of 
saturated aliphatic compounds, constant terms for each atom cannot be applied to the atom 
polarisation just as they can to the molecular refraction. The atomic terms in the case of 
molecular refraction are not absolutely constant even in such a relatively simple series as the 
chiorinated methanes (Stevels, Trans. Faraday Soc., 1937, 38, 1381), and it appears from the 
scanty evidenee available that in comparisons of atom polarisation and molecular refraction as 
constitutive properties there is a difference not of kind but only of degree 

In attempts to define the extent to which atom polarisation is a constitutive property, the 
simplest series, that of the straight-chain paraffins, has been re-examined. Dornte and Smyth 
(J. Amer, Chem. Soc, 1930, 62, 3546) measured the dielectric constants of the liquid »-paraffins 
from C, to C,, and found that the elastic polarisation P, .,, like the molecular refraction [RX 
and the electron polarisation P,, is additive within the series. Hence we concluded (/., 1941, 
864) that by difference the atom polarisation P, should be additive for these compounds. From 
an approximate treatment of Dornte and Smyth's figures it is seen that P, ., «~ 22 + 4°61 
(where ¢ is the number of carbon atoms) and Py = 20 + 4°53c; then if our assumptions are 
correct, ?, «~ O02 + OO8e. This means that if the atom polarisation is to be treated within the 
series as an additive property, the term for 2H is 0-2, whilst the increment for CH, is only 0-08 
Thus there is an anomaly which would apparently make it impossible to deduce realistic atomic 
terms for carbon and hydrogen from these figures. If such a calculation is made, it indicates 
that the atom polarisation term for carbon would have a negative value (— 0°12), whilst that for 
hydrogen (01) would be large and much larger than the value (0007) which can be deduced 
from the data of Watson and Ramaswamy (loc cif.) for hydrogen gas 

Significance of Field Anisotropy im the Application of the Solvent-effect Equation.—In order to 
understand the significance of these anomalous values of the atomic terms for carbon and 
hydrogen, it is necessary to recal! that in addition to the cavity and reaction fields delimited by 
the solvent-effect equation (1), the investigation of liquid mixtures (/., 1940, 752) has shown 
that there is also a general field anisotropy which is, however, not readily susceptible to precise 
experimental delineation except as a deviation in the partial polarisation of components of the 
mixtures in the higher concentration ranges. This field anisotropy is of particular importance 
in the case of non-polar liquids because then the first modifying term (Y /) of the solvent-effect 
equation is zero and the remaining terms become of relatively greater significance. The 
existence of two modifying terms with non-polar compounds has been recognised for some time 
(J., 1935, 727), but, as a rigid evaluation of a field anisotropy of this kind is a difficult problem 
L., 1041, 864: cf. Govinda Rau, Proc. Indian Acad. Sei, 1935, 1, A, 498), the effect is designated 
r, although it is used here to explain certain seeming anomalies in the polarisation of the 
paraffins, no precise attempt is being made at this stage to relate its absolute value to the 
structures concerned, and only its relative values amongst a limited number of similar compounds 
is considered 

The polarisation of liquids can therefore be represented by the general expression 


Pym Pai g + (Ye) + (Zle — le + BY 4a. (2) 


of which the solvent-effect equation is one special case. For polar substances, + is usually small 
in comparison with the other terms, and consequently for such substances the effective terms 
are contained in the solvent-effect equation (1) already proposed (J., 1937, 1915) For non- 
polar compounds ‘Y is zero, but « is of comparatively greater significance so that, whilst the 
expression Py = Py, > (Zie 1)*/(¢ + 2)" is sufficiently accurate for dilute solutions of 


non-polar substances, for concentrated solutions and pure non-polar liquids the equation must 
be written 


Ze lyfe + 3 ‘ . wee 
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When considering the special case of a pure non-polar liquid at a fixed temperature and pressure 
for which the dielectric constant has a definite value, it is possible to simplify equation (3) to 


Poe Py.pt+ ke - ‘ . (4) 
where 2° = (Zic — 1)*/(e + 2), + « 

A third special case of the general expression (2) occurs for molecules such as hydrogen and 
nitrogen, which do not absorb rotational quanta (cf. Thompson, /., 1944, 183) and for which 
both the reaction field and the field anisotropy are zero. For these substances Py = Py, 4, 
and they behave in the same way as the single spherical molecule considered by Lorentz (Amn. 
Physth, 1880, (iii), 9, 641), so that even at high pressures (cf. Uhlig, Kirkwood, and Keyes, 
J. Chem. Physics, 1933, 1, 155) they obey the classic expression P =« (¢ — 1)M/(e + 2)¢ 


Variation of the polarisation of carbon dioxide with field anisotropy 
Pom Pei g > © (data of Michels and Kleerchoper) 
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Variation of the refraction of carbon dioxide with field anisotropy 
R Py + dispersion) + « (data of Michels and Hamer) 


Effect of Field Amisotropy on Polarisation and Refraction im the Liquid and Gaseous States — 
As an examples of the application of expression (4) and the analogous expression for molecular 
retraction, vtz., 


R (P, + dispersion) + 2° Piste Wr S's ae 


data for the molecular polarisation and refraction of carbon dioxide over a wide range of pressures 
taken from the experimental results of Michels and Hamer (Physica, 1937, 4, 995) and of Michels 
and Kleerekoper (idid., 1939, 6, 586) are plotted in the figure as a function of volume polarisation 
and volume refraction respectively. After allowance has been made for the authors’ own 
estimate of possible errors it is seen that for each curve there is a change in direction at a critical 
value of the volume polarisation (p,) or volume refraction (r,) which can be calculated from the 
critical data since p, = Py, ,/V_ andr, = (R)/V._ where V, is the critical molecular volume, and 
whence ~, = 0-076 and +r, = 0067 in agreement with the figure. The values of +’ are quite 
different for the two cases of refraction and polarisation because, as will be seen later in the case 
of the paraffins, although P, is only a small fraction of P,, the anisotropic effect associated with 
atoms is of necessity a relatively larger proportion of the whole. Again as the graphs are linear 
on either side of the critical values, x’ must be related to the change in molecular volume 
This also is to be expected as 2’ is a property of the shape of the polarisation ellipsoid. 











2992 Audsley and Goss: Atom Polarisation. Part I. 


Since the effect of lowering temperature is to lower the molecular polarisation and, on that 
part of the curve which includes the liquid values, the effect of lowering pressure is to raise the 
polarisation, it follows that the values of the molecular polarisation at the boiling poimts do not 
differ so greatly from the critical value. The difference which is observed is related to the 
increase in molecular volume between the critical point and the boiling point, which, at least 
for similar compounds, is an approximately constant fraction of the whole (cf. Young, PAs 
Mag , 1694, (v), 37, 1), whereas the values of at the temperature of measurement must depend 
on the further increase in molecular volume up to the point of observation. As more extensive 
data are available for boiling pomts than for critical points it is preferable that when required, 
for example in cases when the gas values are not available, «° should be expressed in terms of the 
(b. p 20°) interval rather than the more strictly accurate (critical point 20°) interval 

For the homologous sernes of liquid #-paraffins there is only a shght change im the magnitude 
of the increments of molecular volume im passing up the series; therefore, if the above conclusions 
about the relationship between the field anisotropy and molecular volume are correct, there 
should be, within the limits of expermmental error, no appreciable change in the homologous series 
increment of « for the (b. p 20°) interval. However, it is known that the boiling points of 
the »-parafiin series increase in a regular manner but with decreasing increments (cf. Deanesly 
and Carleton, |. Physical Chem, 1941, 45, 1104) and, if our deduction is correct that +’ increases 
(in a negative sense) with a fired increment on passage up the homologous series, then it follows 
that the temperature coefficients of the polarisations should increase regularly, but with 
imcrvrasing increments. This has been observed by Dornte and Smyth (/oc. cit}. The decreases 
in the increments of the boiling points and the increases of the polarisation temperature 
coefheients just counterbalance each other and it is from this circumstance that the observed 
constant increment of the liquid molecular refractions for homologous series arises 

Relationship between Polarisation and Refraction of the Liquid and Gaseous States for the 
n-Parafins —-The present investigation of the physical properties of hydrocarbons was under- 
taken in an endeavour to provide experimental values for the polarisation of all the »-paraffins 
which are liquid at 20°, and to measure the molecular refractions on the same samples 
Particular attention has been paid to the purification of the compounds and to the accuracy of 
the measurements so that, by correlation with the existing values for the gaseous n-parafhns, 
it should be possible to evaluate the field anistropy and to find some explanation for the two 
apparent anomalies in the recorded polarisation and refraction data 

The first of these anomalies has already been mentioned and concerns the apparent values of 
P, tor the paraffins, as calculated from liquid data. The second is concerned with the 
increment for the CH, group in certain series of liquid aliphatic compounds. Whilst the 
increment is constant throughout each series, there is a variation, as Vogel (/., 1943, 636) has 
pointed out, from one series to another by amounts which, although small, are greater than the 
experimental error. These small variations are not due to the polar group because the first 
member of each series has been omitted 

Molecular Refractions of the Liquid n-Parafins.—Values for the molecular refraction of six 
liquid »-paraffins were recorded by Wibaut and Langedijk (Rec. Trav. chim., 1940, 58, 1220) who 
concluded that the increment for each CH, in the case of AF is 4°636, and that the values for 
the series are given by 2078 + 4°636¢. In the interpretation of our own results for the thirteen 
parafins from #-pentane to #-heptadecane, we have given relatively greater weight to the values 
for the lower members, both because these are more readily obtained in a state of high purity, 
and also because the values for the higher members include a much larger molecular weight with 
proportionate increase in the error of calculation. Our value for the set of molecular refractions 
is 2009 + 4638 for which a comparison is made with the expermmental values in Table V 
This value of 4°638 for the increment is actually identical with that of Wibaut and Langedijk, 
when allowance is made for the fact that we have used the 1940 value of 12°01 for the atomic 
weight of carbon. Other smoothed values recorded for the liquid »-parathns are those of Deanesly 
and Carleton (lec, et) which were based in part on selected values of density and refractive 
index published before 1941; their value for the senes constant is 2075 + 4640. Vogel 
(/., 1936, 133) obtained a value of the constant for hydrogen by a procedure which includes data 
for the alky! halides which, as he admits, have different values for the increment. Vogel's 
alternative procedure, which is based on the hydrocarbon results alone, leads to 208 + 4°643¢ 
where the constant for hydrogen ts identical with our own. The constant for the increment is 
obtained in Vogel's case by the method of least squares which gives equal weight to all the 
individual values 


Deanesly and Carleton (loc cif) have calculated smoothed densities for these paraffins by 
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plotting a mean curve through the increments of the molecular volumes calculated from their 
selected data. Contrary to Deanesly and Carleton (loc. cit., footnote, p. 1106), we believe that 
the molecular volumes of these paraffins must lie on a smooth curve, because if the molecular 
volumes at the boiling points and also the boiling points themselves lie on smooth curves as 
indicated by Egioff and Kuder (/. Physical Chem., 1041, 45, 836) then the molecular volumes at 
any given temperature should also lie on a smooth curve. We disagree slightly with Deanesly 
and Carleton’s molecular-volume increment curve, the upper end of which is based on their 
determination of the density of m-hexadecane from fuel oil. Our own determination of this 
density is concordant with that of Wibaut, Hoog, Langedijk, Overhoff, and Smittenborg (Rec 
Trav. chim., 1939, 58, 329); and so a new curve (not shown, but the data for which are included 
in Table V) slightly modified from that of Deanesly and Carleton has been drawn, giving 
smoothed values for the molecular volume which approach a value of 16°327 on extrapolation 
and are intermediate between those of Deanesly and Carleton and those of Calingaert and 
Hiadky (J. Amer. Chem. Soc., 1936, 58, 153). From these smoothed values a new set of 
smoothed densities has been calculated by Deanesly and Carleton’s method. Our experimental 
values (Table V) of d%* for all the hydrocarbons from #-pentane to #-heptadecane are in good 
agreement with these smoothed values. Smoothed values for the refractive indices of these 
paraffins obtained from our smoothed molecular volumes and our series value for the molecular 
refractions (Deanesly and Carleton’s method) are in good agreement with our experimental 
values (see Table V) and those of other authors 

We have not ourselves measured the dispersion of these hydrocarbons, as concordant values 
for their dispersions are already available in the results of Dornte and Smyth, Wibaut and 
Langedijk, and Vogel (loc. cit.), who agree in indicating that [R), — (#), = O01 + O020c and 
[R), Ry = 0°03 + 0°050¢; when combined with our value (KR), =~ 2:09 + 4°638c, this gives 
R)\, «= 208 + 4°618e and [R)y = 2°12 + 4°688c, in good agreement with the series constants 
for [R), and (R), given by Wibaut and Langedijk (Joc. cit.) after due allowance for the lower 
atomic weight of carbon used by these authors 

A similar series value for the constant P, bas been obtained by application of the dispersion 
formula n,' < #% + 4/* to the values for the refractive index corresponding to the series 
constants for molecular refraction at different wave-lengths 

It is found that 

Pe= 208+ 4¢656e.... ee + ioe 


which gives values of P, for the individual hydrocarbons in good agreement with those calculated 
by Dornte and Smyth (loc. cst.) 

Molecular Polarisations for the Liquid n-Paraffins —-As one of the main objects of this work 
we have measured, with the apparatus previously described (/., 1933, 1343; 1935, 730; 1940, 
893), the dielectric constants of these »-paraffins, in order to make available molecular 
polarisations and refractions measured on the same pure samples of the hydrocarbons. By the 
methods employed for the molecular refraction, we find that our experimental values for the 
series of »-paraffins can be expressed as 


ey. 9°, Nosy he ee 


This value of 4°61 for the increment is concordant with that found by Dornte and Smyth (loc 
cut.) when allowance is made for the fact that they base their measurements of dielectric constant 
on a standard value for benzene of 2°276, whereas we employ 22825. By a calculation similar 
to that used for refractive index, the smoothed dielectric constants have been obtained from 
the series constant (7) and the smoothed molecular volumes, and these are found to be in good 
agreement with the expermmental! values (Table V) 

Finally to complete the set of properties for the liquid paraffins we obtain the series constant 
of the atom polarisation by subtraction of expressions (6) and (7) to give P, « 022 + OOTHK 
These series constants for the liquid »-paraffins are summarised in Table Il. As previously 
stated the carbon and hydrogen constants corresponding to this series constant for P, are 
anomalous because the figures indicate that P, for hydrogen in these compounds is 0-11, or 11%, 
of P,, and this is far above the value of P, for gaseous hydrogen (Table 1). In any case the 
negative value so obtained for carbon is anomalous as P, itself cannot be negative 

Series Constants of the Gaseous n-Parafins.—The experimental data (see Table IV) for the 
gaseous n-paraffins are of necessity less accurate than those for the liquids, but it can be seen by 
comparison with the values calculated from the series constants in Table II that there is 
reasonably good agreement between the experimental values and the series constants (obtained 
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by giving special weight to the lower members because, as with the liquids, relatively greater 
accuracy is obtained in this way). We find that for the »-paraffins in the gaseous state, P, 
185 + 4c, Py, ~ 186 + 467c, whence P, = OO1 + OTe. These series constants lead 
to values for P, for the elements which are entirely reasonable and probable, that for carbon 
(see Table 1) being positive instead of negative as it is for the liquids, whilst the constant for 
hydrogen, calculated on the assumption that all the C-H bonds are equivalent, is m agreement 
with the value for gaseous hydrogen The value of P, for the hydrogen molecule is of course 
different from the hydrogen constant for the paraffins because it depends on the H-H bond in 
one case and C~-H in the other. P, however depends on the mobility of the hydrogen nucieus 
in both cases 
Tassie | 
Constitutive refraction and polarisation constants for the n-parafin 
R » i's P, P’,, as 
lL squid state 
CH, extrapolated 6554 . o- 206 
‘ H, ime rement 45ue ous 
2H by difference : 202 : 0-22 
lat oll 
‘ 2! 2514 q Olea 


Gaseous tale 


CH, 

CH, increment 
2H by difference 
H 


{ 


H, gas 


Serves constants for refraction and polarisation 


laquid «-parathns (-aseous # paraffins Field anisotropy, «° (by difference) 
4 G8, 1e2 47% Ow 0-062. 
4 635. 1 4 7c o19 O82. 
461% 180 + 408 oe 008d 
4 394 PAS + 4-60¢ OT 0-06 6c 
4ol 1A» 4-67: OSs 0- 0c 
OT te ool O07, O21 + ORE 


Taste Ill 


Kond and atom constants for the refraction and polarisation of the n-parafins with the 
corvesponding anisotropic factors at 20° (im parentheses) 


Ra Rp R. Ps 
ais o131 1400 0126 1.396 0-126 
667(0-035 1650,0-32 | 6420-032 
oooge 0-204 
OO O05/0- 105 


Tammie IV 
decuiar refraction and polarisation f ihe gaseous Q-parafin 


Calculated from sernes constants in 
Table Lil 
R » 

Methane i 7 5 7 amo 
Ethane . 11-26 7 11 30 11-25 
«- Propane ? 1a 09 waar ‘ : lau 15.03 
»- Butane ~o2 Wés 059 22 2 270 «620-61 
« Pentane 
a Hexane 
»-Heptane 

* Values for CH, to C,H, Watson and Ramaswamy, /’ h 1936 

Values for ( sH,, to C,H, Kubo, Set. Papers Inet com ; Toky 
Smyth and McAlpine, /. Chem. Phyescs, 1934, 2 571 
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Field Anisotropy for the o-Parafins expressed as Series and Constitutiwe Constants — 
Kisenlohr (7. physstal, Chem, 1911, 75, 585) computed, in the case of molecular refraction, 
constitutive constants which depend on fundamental values for carbon and hydrogen obtained 
from a number of aliphatic series. It ts evident that when the values in Table II for the liquid 
and gaseous states are compared, the constants for carbon and hydrogen derived from the liquid 
data are not even in the correct proportion when compared with the gaseous values, and that 
they are only approximately of the nghtt order The values of (R)P need correcting by the 
expression (7), whereby the anisotropic effect x accounts for the difference between the gaseous 
and the liquid constants for the series. In Table II the field anisotropy corresponding to [R), 
Py, Pg. 4, and P, respectively is expressed as the several differences between the series constants 
for the gas and liquid states, and in this way we derive series constants for x’, in which the third 
decimal! place is included for calculating purposes. The field anisotropy is thus found to be a 
constitutive property as has already been indicated from theoretical considerations 

The fundamental! constants of the elastic polarisation are the values of P, for each type of 
bond and of P, for each atom in the gaseous state, whilst the corresponding values of |) include 
the effects of dispersion at the appropriate wave-length. The values of the bond constants are 
calculated on the assumption that every C-H bond in the normal paraffins is of identical value 
Associated with these and included in Table III are the corresponding values of s° which 
represent the amounts of induced polarisation by which the constants of the relatively isolated 
gaseous molecules are changed, in accordance with equation (4), when the molecules are brought 
into proximity with one another in the liquid state) The molecular refractions and polarisations 
of the liquid hydrocarbons can therefore be obtained by summation of the appropriate terms, 
including the values of s° with due regard for their signs. As *° expresses an anisotropic effect 
it ts related to the size and especially to the shape of the molecules, and is in this respect unlike 
the refraction and polarisation which are related to the mobilities of the component parts of the 
molecule. It will be seen from Table III that s° can have negative values and in this particular 
resembles the solvent effect of polar compounds, which can be either positive or negative with 
respect to the gas value. Thus it is noteworthy that the anisotropic factors for the atoms and 
particularly that for the hydrogen atom are large compared with those for the bonds. The 
signs of the values of «° agree with the changes in shape of the paraffin molecules and are 
consistent with the signs of the solvent effects previously noted (J, 1940, 752), since on passage 
up the homologous series each carbon atom and C-C bond causes an elongation of the molecule 
which is known to be connected with an apparent decrease in the polarisation on passage from 
gas to liquid. Each hydrogen atom and C~H bond however causes a broadening of the molecule, 
normally connected with an apparent increase in polarisation. The net effect for each CH, 
group (0°06) is due to the net elongation 

These conclusions concerning the field anisotropy explain very simply the two anomalies 
noted above and found in the polarisation and refraction data of liquids. The first, which is 
concerned with the apparent atom polarisation of the hquid paraffins, arises because the 
anisotropic effect may be of negative sign, and because that part of it associated with the atoms 
ts much larger than the atom polarisation itself, By contrast, the anisotropic effect of the bonds 
is smaller than the electron polarisation. The second anomaly, that the increments vary from 
one series to another, arises because *° is, as we have shown, a function of the boiling-poimt 
intervals of the homologous series concerned and, as these vary from one series to another, the 
differing values of the refraction increment observed by Vogel (Joc. est) is to be expected and is 
unavoidable in the liquid state 

EXPERIMENTAL 


Density, dielectric constant, and temperature were measured as previously described (J., 1940, 893), 
and refractive index by means of an Abbé refractometer 


Preparation and Purification of Maternals —»-Ventane was prepared from |-bromopentane by the 
methal given in Org Sywth., 1931, 11, 85. The hydrocarbon was washed with 2-c.c. portions of 
concentrated — ack! until the latter remained colourless (20 washings), then successively with 


water, dilute sxlium carbonate solution, and agaim with water. After being dried (Na,SO,), it was 
fractionally distilled over sodium through a Widmer column, the middie fraction beimg used for 
Measurements. This purification was repeated until the density and dielectric constant remained 
unchanged, and the same procedure was adopted for all the paraffins used for the determination of 
physical constants 

»- Hexane, »-cctane, »-decane, and «-tetradecane were prepared by the Wurtz reaction according to 
Vogel's method (/., 1946, 135). The appropriate alky! bromides were obtained from the corresponding 
akcohbots (B.D. HL) 

»- Heptane was prepared by first converting »-propy! bromide into heptan-4-ol (Org. Synth., Coll 
Vol. IL, 1963, p. 179), which was converted by boiling 48%, hydrobromic acid into the corresponding 
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bromide and thence into »#-heptane by the method used for s-pentane except that di-s-buty! ether was 

replaced by diethyl ether. 
n-Nonane was from »-buty! bromide which was converted by the above methods first into 
nonan-5-ol and then iodine and red (Rieth and Beilstein, Annalen, 1863, 188. 250) into 
5S-todomomane. b. 129° /53 mm. (Found: C, 43-1; H, 7-7, 1, 402. C,H,,! requires C, 42-5; H, 7-5; 
phenenens was reduced to nonane by the method given in Org. Synth, Coll. Vol. II, 


reduction (cf above) of the corresponding 
iodides, the starting maternals being dodecy (LC.1.) and cety! alcoho! (B_D.H_) respectively. 
»-Pentadecane was from pentadecan-#-ol, the start matenal being heptaldehyde 
from castor oi! carbinol was converted by Rieth and istein's method (lec. cst.) into 


iodopentadecane, b. p. 148°/0-8 mm. (Found: C, 536; H, #2; 1, 37-2. C,,H,,! requires C, 53-2, 
H, 92; 1, 37-5%), which was reduced to the paraffin by the method used for w-nonane 
n-Undecane, »-tridecane, and oe ee supplied by Mesars. Carbon and Carbide Chemicals of 
New York were lent to us by Mr S. Bradley. They were used without further treatment or 
characterisation 


The physical constants of the paraffins are recorded in Table V 


The authors thank the Department of Scientific and Industrial Research and the Research Fund of 
the Chemica! Society for financial assistance 
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585. Cryoscopic Measurements in Sulphuric Acid. Part VIII. The 
Solutes Acetic Anhydride and Benzoie Anhydride. Cryoscopic 
Evidence for the Acetylium and Benzoylium Iona. 


By R. J]. Gurespie. 


Evidence for the existence of the acetyliom and benzoylium ions has been provided by a 
cryoscopic investigation of solutions of acetic and benzo anhydrides in sulphuric acid 


Acytium ions have for some years been recognised as probable intermediates in acid-catalysed 
esterification and hydrolysis of carboxylic esters (cf. Ingold and Ingold, ]., 1932, 756; Datta, 
Day, and Ingold, J., 1939, 838; Day and Ingold, Trans. Faraday Soc., 1941, 38, 686) and in the 
formation of ketones by the Friedel-Crafts reaction with acy! halides, esters, and acid anhydrides 
in the presence of an acid catalyst (cf. W. Hickel, “ Theoretische Grundlagen der Organische 
Chemie," 3rd edn., 1940, Vol. I, p. 559; Fairbrother, /., 1937, 503; Trans. Faraday Soc., 1941, 
38, 763; Norris and Wood, J. Amer Chem. Soc, 1940, 62, 1429). Mackenzie and Winter 
(Trans. Faraday Soc., 1948, 44, 159, 171, 243) have postulated the existence of the acetylium ion 
to account for the kinetics of the perchloric acid-catalysed Thiele acetylation of some quinones 
Recently, Burton and Praill (J., 1950, 1203) have shown that whereas mixtures of acetic and 
perchloric acids which contain the acetic acidium ion, CH,-CO,H,", are not acetylating agents, 
yet addition of acetic anhydride to such mixtures gives rise to a powerful acetylating agent, which 
they postulate as the acety! ion CH,-CO’, capable of rapidly converting anisole into p-methoxy- 
acetophenone at room temperature. An equally powerful acetylating agent can be prepared 
from acety! chloride and silver perchlorate (Burton and Praill, J/., 1950, 2034) and these authors 
suggest that this is ionised acetyl perchlorate. It has also been shown (Burton and Praill, 
private communication) that benzoyl perchlorate prepared in a similar way is a powerful 
benzoylating agent, presumably because it is ionised into benzoylium, C,H,-CO*, and perchlorate 
ions 

The first evidence that certain acylium ions could be obtained as stable entities under 
appropriate conditions and not just as transient reaction intermediates was obtained by Trefiers 
and Hammett (J. Amer. Chem. Soc., 1937, 89, 1708), who showed that 2: 4 : 6-trimethylbenzoic 
acid gives a four-fold depression of the freezing point of sulphuric acid. This can only be 
reasonably interpreted as meaning that this acid is converted rapidly and completely into the 
2:4. 6-trimethylbenzoylium ion according to the equation 


C,H.Me,CO,H + 2H,SO, = C,H Me,CO* 4+ HO’ + 2HSO . (1) 
By the same method, the closely related 2 : 6-dimethyl- and 3: 5-dibromo-2 : 4 : 6-trimethyl- 


benzoic acids were found to undergo partial ionisation in sulphuric acid to the corresponding 
acylium ions 
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Kecent work on solutions in acetic anhydride has provided evidence for the existence of the 
acetylium son as a stable entity under suitable conditions. Acetic anhydride has a smal! but 
by no means negligible electrical conductivity which can most reasonably be attributed to an 
jonic seli-dissociation forming acetylium and acetate ions (Hall and Voge, J. Amer. Chem. Soc., 
1933, 65, 239) 

(CHyCO)/,O =e CH,yCO" + CH,CO, . @ 


Acety! halides, acety! thiocyanate, and acety! benzenesulphonate al] behave as acids in acetic 
anhydride, and can be titrated conductometrically with inorganic acetates which behave as 
bases, the neutralisation reaction being essentially the reverse of (2) (Jander, Ritisberg, and 
Schmidt, Z. anorg. chem, 1048, 255, 238: Jancder, “ Die Chemie in Wasserihnlicher Losungs- 
mittein,”” Berlin, 1949. Usanovitch and Yatsimirskii, /. Gen. Chem. Russia, 1941, 11, 954) 
Benzoyl chioride can also be titrated in the same way (Usanovitch and Vatsimirskii, Joc. of 
presumably because it sonmses to form the benzoylum ion. Seel (Z. anorg. Chem, 1943, 250, 331 
has prepared the rather unstable acety! borofluoride, CH,-CO-BF,, from acety! fluoride and boron 
trifluoride, and has shown that this compound and the previously known acetyl and benzoy! 
hexachloroantimonates have conductivities in hquid sulphur dioxide comparable with those of 
known binary electrolytes, such as KSbC1,, and are therefore presumably ionised into acetylium 
ions and either borofluoride or hexachloroantimonate ions. All these compounds undergo 
numerous reactions in sulphur dioxide solution which are consistent with this mode of ionisation 
(Seel, sid., 1943, 252, 24; Seel and Bauer, Z. Naturforsch, 1947, 2, 5, 397) 

Whereas the 2.4 > 6-trimethylbenzoylium ion is formed in sulphuric acid from the 
corresponding carboxylic acid (mesitot acid), which gives a four-fold depression of the freezing 
point of the solvent (eqn. 1), and from the methyl ester of mesitoic acid, which gives a five-fold 
depression of the freezing point (Newman, Kuivila, and Garrett, ]. Amer. Chem. Soc, 1945, 67, 
74) te 

CH Me,COMe + 3HSO, CH Mey CO H,O” + CHyHSsoO, + 2HSO, (3 


benzo and acetic acids and thew ethy! esters (idem, thd Kuhn and Corwin, J]. Amer. Chem 
Se , 1948, 70.3370. Part I of this series, /., 1950, 2473) give only a two-fold depression, corre 
sponding to the following general equations 


R-CO,H ‘ H,SO, R-CO,H,’ " HSO, i“ 
R-CO,Et + H,SO, & R-CO,EtH® + HSO, 5 


(5) 
If any acetylium and benzoylium ions are formed, it can only be in amounts too small to be 
detected by the cryoscopic method. Kuhn and Corwin (loc. cit.) have recently made an investig- 
ation of the behaviour of a number of other esters of acetic and benzoic acids, and also of anisix 
acid, in sulphuric acid. On the basis of cryoscopic and other evidence they concluded that 
acylium ions are not present in these solutions and suggested that the acetylium, benzoylium, 
and anisovliom ions are unstable in sulphuric acid, combining with hydrogen sulphate ions to 
form un-ionised acyl hydrogen sulphates 

The only previously reported cryoscopic investigation of acetic anhydride in sulphuric acid is 
that of Oddo and Casalino (Gazzetta, 1917, 47, 11, 232), who found that it gave an approximately 
three-fold freezing-point depression. Benzoic anhydride does not appear to have been investig 
ated im this way before. The present work shows that both acetic and benzoic anhydride give 
a four-fold depression of the freezing point of sulphuric acid. This provides further evidence 
for the existence of the acetylum and benzoylium ions, It shows that these ions are quite 
stable in sulphuric acid solution and that they are formed quantitatively or nearly 
quantitatively when small amounts of acetic and benzoic anhydrides respectively are dissolved 
in sulphuric acid 

EXPERIMENTAL! 

' 


led, and the fraction of b. p 


rystallised by dissolving it m benzene and 


Perihcation M atervai Analak Acetic anhydride was dist 
139-0 -139-5° was collected Benzoc anhydride was twice re 
reprecttating it by adding hght petroleum 


it was stored in a vacuum-desiccator over phosphork 
anhydride, it had m p. 42.43 


Pecerme- fpownt Measurement The freezing-prant experiments were carried out in the same apparatus 
and by the same technique as previously described (see Part 1, lox uf All the measurements were 
carried out with sulphart acid of maximum freezing point instead of the slightly aqueous acid generally 
employed by other workers and in the measurements reported in the earher papers of this series J. 1060, 
2a7d) This was done to avoid the complicated calculations necessary to allow for the repression of the 
somisation of thy water present in the solvent by the hydrogen sulphate son formed by the added solute 
fet. Parte Land Il of this serves, /. 1950. 2473. 2409 The results of the freezing-point experiments 


with acetic and benzoic anhydrides as solutes are given in the following tables 
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Solute: Acete anhydride. 


Molahty Molality 
Ac,O, Ac, 
am, F.p af,.°* Corr, 38° am, F.p af,.* Cor 


Experiment No. 132 Experiment No 133 


10-351 10-342 
0-0 1089 10-187 . - 004222 vow 0 136 
O-O1752 104430 =O 08” 0-108" «8-417 3 0s 005542 o 198 142 
0-03452 9675 ©8676 ©1831 O807 391 0-7651 S715 147 
00-0540 9 226 1125 O42 1-267 300 oore S251 O10 
0-054 ¢ 232 1119 @142 1-261 3-85 © 1083 7-Oa8 O10 


* 3@, and MM, are respectively the observed and the corrected {. p. depressions 
+t This measurement was made 16 hours after the preceding one, otherwise it was a repetition 


Solute: Benzow anhydride. 


Molality Molahity 
82,0, Bz,0, 
Am, F.p a, Corr +4, Sm, F.p a, Cort Aé, 


Experiment No. 134 Experiment No. 136 
10-357 10.352 
0-02615 OSS oO124° «6-623 002030 O98S 8360 O14’ 0483" 3-08 
0-04360 9457 O137 L037 3 003798 8576 ©7177 o133 O88 401 
0-06306 8 958 #145 «1564 0-05361 #213 1130 Off 1-281 400 
0-07938 a Hol o148 1-006 0-06 306 s 002 1300 «68 145)—(1-006 400 
0-09432 8-232 25 O18) 2-27! 


The observed freezing-point depressions, A@,, are corrected in each case to allow for the incomplete 
repression, by the formed hydrogen sulphate ion, of the autoprotolysis of the solvent. This can readily 
be done by using the value given in Parts I] and IV of this series (/.. 1950, 2403, 2516) for the auto- 
protolysis constant 

Kup H,SO,” (HSO, 0-000 17 

The concentration of autoprotolytic tons remaining in the solution with any given concentration of added 
solute can be calculated by using this value of the autoprotolysts constant, and knowing the concentration 
of hydrogen sulphate ions formed by the solute. The freezing-point depression ——n to this 
concentration of autoprotolytic ion can then be calculated by the usual equation, and the difference 
between two such values caleulated for the appropriate solute concentrations is the correction to be 
applied to the observed freezing-point depressions. Sach corrections are listed in column 4 of both 
tables, and the corresponding corrected freezing-point depressions, J@,, are given in column 5 The 
values of » (the number of particles produced in solution by one solute molecule) given in column 6 of the 
tables have been calculated from the appropriate form of equation (5) of Part I (loc. eif.). With the 
substitution of s, Zand v, 4, and the assumption (in the absence of any information on the subject) 
that the formed ions are unsolvated, and «, my © (since the concentration of water in the 
solvent is zero or at least quite negligible), this equation reduces to the form 


vy = 56,55 98{1 — 0-0035 Am, 


where #18 the mean freezing-point depression over the range of solute concentration Am, 


DiscUSSION 


The value of v is approximately 4 for both acetic and benzoic anhydride, and this can only be 
reasonably interpreted * by assuming that they form acylivm and acidium ions according to the 
genera] equation 

(R-CO),O 4 2H,SO, RCO’ 4 RCO,’ + 2HSO,- , ; (6) 


* The only other apparently reasonable interpretation is that expressed by the equation 
(R-CO),O + 3H,SO, 2R-CO-HSO, + H,O* + HSO,- 


This is excluded by the two-fold freezing-point depression given by acetic and benzoic acids. For if this 
interpretation were correct it would imply that the reaction 


R-CO* + R-CO,H,* + 2HSO,~ + H,SO, = 2R-CO-HSO, + H,O* + HSO,~ 
goes to completion, 1.¢., that both of the reactions 
R-CO* + HSO,- = R-CO-HSO, 
R-CO,H,* + HSO,- + H,SO, « R-CO-HSO, + H,O* + HSO,- 


go to completion. This in turn would require a three-fold freezing-point depression by benzoic 
acetic acids : 











Bladon, Overend, Owen, and Wiggins : 


This can be visualised as occurring in the following stages 
RCO RCO ) 
(i) 0 + HSO, OH* + HSO,” | 
RCO RCO 


RCO 
{ii} YOH* = R-CO* + RCO 
RCO” 


(iii) R-COWH + H,SO, = R-CO,H,* + HSO,- j 


It has been shown previously that the carboxylic acid formed in (ii) ionises further (iii) in the 
case of acetic and benzoic acids to give the corresponding acidium ion (cf. Part 1, loc. cit.; 
Newman, Ruivila, and Garrett, loc. ct) 

It can be seen from the relevant table that the mean value of v for benzoic anhydride is 4°00 
and the individual values do not, within the experimental error, change either with time or with 
the solute concentration. It can be concluded therefore that benzoic anbydride is completely 
ionised according to equation (6), forming the benzoylium ion and the benzoic acidium ion 

The values of v for acetic anhydride are sufficiently close to 4 to indicate that ionisation 
occurs largely according to equation (6). The difference between the observed values of v and 
the integral value of 4 is, however, significant; and the observed values appear, moreover, to 
decrease very slightly with increasing concentration, and with time. It is not yet possible to 
give a definite interpretation of this slight discrepancy. Perhaps the acetic anhydridium ion 
(R-CO),OH " is not completely split up into acetylium ion and acetic acid [equation 7(ii)|. This 
would imply that in a sulphuric acid solution of acetic anhydride there is a small quantity of the 
acetic anhydndiam ton, whose existence and acetylating properties have recently been postulated 
by Burton and Praill (lec. cit). Alternatively, there may be some slight combination between 
acetylium and hydrogen sulphate ions to form un-ionised acetyl hydrogen sulphate. Or, again, 
the formation of a small amount of sulphoacetic acid, which would be expected to be a weak 
electrolyte in sulphunc acid solution, would equally well account for the slightly low observed 
values of vy This substance is known to be formed at a measurable rate in acetic anhydride 
solutions of sulphuric acid at 40° (Murray and Kenyon, /. Amer. Chem. Soc., 1940, 62, 1230) 


CHyCO* + HSO, ~» HO,C-CH,SO,H 


This latter interpretation receives some support from the slight decrease in the observed freezing 
point when a solution of acetic anhydride was set aside for some hours (see table) 


Wiittam Ramsay ano Raten Forster Lanoratories 
University Cottece, Lonpow, W.C.1 Reeewed, June 27th, 1950 


586. The Conversion of Mannitol and Sorbitol into Dulcitol. 
By Peres Brapow, W. G. Overenv, L. N. Owen, and L. F. Wicorns 


The compound described by Vogel (Her., 1938, 7], 1272) as 2. 3: 4: 5-tetra-acetyl | > 6-di 
bromo-l  6-dideoaymannitol, obtained by the action of hydrogen bromide in acetic acid on 
hexa-acety! mannitol, is shown to be 2.3. 4. 5-tetra-acety! | 6-dibromo-1 | 6-dideoxyduicitol ; 
the same product is obtained, under sumilar conditions, from hexa-acety! sorbitol and from hexa- 
acetyl duk itol. The? 3. 4° S-tetra-acetyl 1 6-dichloro-1 | 6-dideoxymannitol of Fischer and 
Armstrong (Her , 1902, $6, 842), prepared by treatment of hexa-acety! mannitol with hydrogen 
chloride, is 2.3: 4: S-tetra-acety! 1: 6-dichloro-1 . 6-dideoxydulcitol. Vogel's dibromide is 
also obtained from dulcitol by transformation into | 6-dibromo-1  6-dideoxydulcitol followed 
by acetylation ander mild conditions. Further confirmation of its formulation as a dulcitol 
derivative is obtained by hydrolysis with dilute hydrobromic acid, dulcitol itself being formed 


By the action of hydrogen bromide in acetic acid on hexa-acety! mannitol for several months at 
room temperature, Vogel (/oc. cit.) obtained a crystalline compound, m. p. 201°, 2)? + 10°26 
(in chloroform), to which he assigned the structure 2: 3: 4: 5-tetra-acetyl | : 6-dibromo-1 : 6-di- 
deoxymannitol. Evans, Fraser, and Owen (/., 1949, 248), by reaction of this dibromide with 
potassium thiolacetate, obtained a product, m. p. 188°, which was accordingly formulated as 
hexa-acety! 1; 6-dithiomannitol; on deacetylation, the corresponding dithiohexitol, m. p. 172°, 
was formed. Subsequently (Bladon and Owen, /., 1950, 585) 1: 6-dithiomannitol was 
synthesised by a different route, and was found to have m. p. 155-157", [a), + 15° (in 29% 
aqueous borax); its hexa-acety! derivative had m. p. 100-111", a), +85 Re-examination of 
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the earlier specimens of dithiol and hexa-acetyl derivative confirmed thei melting-points and 
also showed that they were optically mactive. It followed that they could not have the structures 
originally assigned to them. Since it was unlikely that any abnormal reaction had occurred in 
the replacement of bromine atoms by acety!thio-groups, it was evident that Vogel's dibromide 
could not be a mannitol derivative 

The dibromide was prepared both by Vogel's method and also by the more convenient process 
in which a mixture of hexa-acety! mannitol (1) and 50% hydrogen bromide in acetic acid is 
warmed for several hours (compare Evans, Fraser, and Owen, foc. cit.). When hydrogenated 
over Raney nickel it gave, after re-acetylation (some deacetylation having occurred during the 
hydrogenation), a tetra-acety! | : 6-dideoxyhexitol, m. p. 182—184°, and thence, by deacety!l- 
ation, a | : 6-dideoxyhexitol, m. p. 179—180°, which gave a diisopropylidene derivative, m. p 
61°. All these compounds were optically imactive, and the properties of the last two were 
in good agreement with those recorded by Ness, Hann, and Hudson (J. Amer. Chem. Soc., 1942, 
64, 984) for 1 : 6-dideoxydulcitol (11) and its ditsopropylidene derivative (m. p.s 183-184" and 
63—464° respectively). Furthermore, on reaction with potassium acetate in acetic acid-acetic 
anhydride solution, the dibromide gave hexa-acety! duicitol (III) in excellent yield. Vogel's 
compound is therefore 2:3: 4: 5-tetra-acety! | : 6-dibromo-1 : 6-dideoxydulcitol (TV) and 
must be identical with the substance, m. p. 197-— 198°, obtained by Wolfrom, Burke, and Waisbrot 
(ibid., 1939, 61, 1827) by the action of hydrogen bromide in acetic acid on 2:3: 4: 5-tetra- 
acety! | : 6-bistriphenylmethy! dulcitol. The optical rotation recorded by Vogel is erroneous ; 
the dibromide, and all the compounds derived from it, are optically inactive, in conformity with 
the possession of the dulcitol structure 

It follows that the original thio-compounds, derived from this dibromide, are | : 6-dithio- 
dulcitol and its hexa-acety! derivative. De-sulphurisation of the dithiol in aqueous solution 
with Raney nickel (compare Mozingo ef al., J. Biol. Chem., 1942, 146, 475; ]. Amer. Chem. Soc., 
1943, 65, 1013), and acetylation of the product, gave tetra-acety! | : 6-cideoxydulcitol identical 
with that obtained by hydrogenation of the dibromide 


CHyOAc Hy-OAc 
Hy -Ohe 
Act: H 
H<C-OAc 
e P~ 
H,-OAc 
(Vv. 


cH, Br 
H< OAc 
AcOCH 
AcOCH 
H-<¢-OAc 
H, Br 
(IV.) 


H,Br 
(VIIL) 

In order to eliminate the very unlikely possibility that the commercial mannitol used in these 
experiments contained any appreciable quantity of dulcitol, a specimen of mannitol was 
rigorously purified by conversion into, and regeneration from, its trissopropylidene derivative. 
The pure hexa-acety! mannitol derived from this material gave, with hydrogen bromide in 
acetic acid, the same dulcitol derivative (IV), characterised by conversion into hexa-acety! 
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duleitol, There can therefore be no doubt that a change of configuration occurs during the 
reaction 

As a consequence of these surprising results, it appeared that the compound, m. p. 196°, 
obtained by the action of hydrogen bromide in acetic acid on hexa-acety! sorbitol (V) (Evans, 
Fraser, and Owen, loc. cil), was probably identical with (IV The preparation was repeated, 
and the identity was confirmed by convermen of the product into hexa-acety! dulcitol. The 
same dibromiie was also obtained by similar means from hexa-acety! dulcitol itself. Evans, 
Fraser, and Owen (loc. cst ) showed that the hquid portion of the reaction product from hexa-acety! 
mannitol and hydrogen bromide im acetic acid contained a higher proportion of bromine, and by 
carrying out the reaction at 100° isolated a pentabromo-acetoxy-hexane, m. p. 138°, probably 
identical with that of Perkin and Simonsen (/., 1905, 87, 862 It has now been shown that the 
same, optically inactive, product is obtained when (1V) is sumilarly treated, though this, of course, 
does not prove that the pentabromide also has the dulcitol configuration 

By reaction of liquid hydrogen chloride on hexa-acetyl mannitol, Fischer and Armstrong 
loc. of.) obtamed a compound, m. p. 214°, which was formulated as 2:3: 4: 5-tetra-acety! 
|: 6-dichloro-1 : 6-dideoxymannitol. A compound having this structure, but with m. p. 125 
130°, was prepared by Griner (Aen Chim, 1802, vi, 26, 380) by acetylation of | : 6-dichloro- 
1: 6-dideoxymannitol, the structure of which has been well established (Haworth, Heath, and 
Wiggins, /., 1944, 155) as a true mannitol derivative. In view of the results of the investigation 
of the dibromide, it appeared that Fischer and Armstrong's compound was probably 2:3: 4°: 5- 
tetra-acety! |: 6-dichloro-1 : 6-dideoxydulcitol; this proved to be so, since it gave hexa-acetyl 
dulcitol on treatment with potassium acetate 

The abowe investigations were carried out by two of us (Bladon and Owen), but 
“milar conclusions with regard to the allocation of the structure 2:3: 4: 5-tetra-acety! 
1: 6-<ibromeo1 : 6-dideoxyduicitol to Vogel's dibromide have been reached independently 
(Overend and Wiggins It was found that both bromine atoms were readily replaced by sodine 
through the reaction of the compound with sodium iodide in acetone or acetic anhydride solution, 
with the formation of a di-todo-dideoxyhenxitol tetra-acetate (4 Thus, the indication that the 
bromine atoms are attached to primary carbon atoms is given The acety! groups could also be 
replaced by two methylene residues by treatment with paraformaldehyde and sulphuric acid, a 
dimethylene dibromodideoxyhexitol (8), m. p. 144-145", being isolated Both this and the 
Vogel dibromide itself were different [rom the dimethylene | : 6-dibromo-1 : 6-dideoxymannitol, 
m. p. 178-179", and the tetra-acety! 1: 6-dibromo-] © 6-dideoxymannitol, 1 ». 125-—126 
respectively whict had been prepared = frot 1. 4-3: 6d vdromannitol Overend 
Montgomery, and Wiggins, /., 1948, 2201 om ‘ ' 1 libromide was a derivative 
f dulcitol was provided by the fact that hy i th dilu drobromuic acid effected the 
‘placement of al I bromine and acetyl! grou; by hvd v he formation of dul« 


eli (Vi ther proof rnished : lk ichibrome dideoxydulcit 


lulkeatol witt wt ."« ro act i lescribed b Mag sent 


ul Naud, Paris, 1000 1 ‘ vi " t gave 2:3:4 
scet lily no 6-dideoxuvdulcital swentical in all res; t with \ 
Hence mu t® 6-dt-rodeo- | ii tf and B 


methylene 1) &cdhibromo-1l: 6-dideoxvdu ) he position of the methvlene groups cannot be 


illocated precisely at this stag but by analogy with similar compounds in the mannitol and 
sorbitol series (Haworth and Wiggins ] 1044, 58 Jones and Wiggins ] 1944, 364) they are 
prohably m the 2° 4-3 5-conformation (VIII 
When the | 6-dibromide of tetra-acety! dulcitol was treated with sodium methonide a ve 
small amount of a crystalline material, which appeared to contain bromine, was obt 
had m. p. 141-143 and was at first beheved to be identical with the m ’ 
f Maquenne (loc. est soe Nature, 1949. 164, 507 Difficulty has been experienced, however, in 
repeating the molation of this substance, but further purification of » small amounts as were 
imolable effectively removed the bromine hich must have been present as impurity only) and 
compound harper melting pomt From preliminary experiments it 
this substan a dianhvdrohexitol, but more extensive investigations are 
being carried out 
The formation of a dulertol derivative from both mannitol and sorbitol indicates the 
eceurrence of profound stereochemical changes, and it would appear that a succession of Walden 
inversions occurs, perhaps involving all the asymmetric carbon atoms, so that a mixture of 
hexitol derivatives is formed from which the dulcitol compound readily separates by virtue of its 


low solubality It ss of interest that a semewhat similar reaction is known to occur with meso 
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inositol, which, when treated under vigorous conditions with hydrogen chionde in acetic acid, is 
partly converted into racemic inositol; the latter ts also formed similarly from scyllito! (Muller, 
J., 1912, 101, 2383, Fletcher and Pindlay, /. Amer. Chem. Soc, 1948, 70, 4050; Posternak, 
Helv. Chim. Acta, 1948, 31, 2242). These two changes involve, respectively, one and two 
asymmetric centres 


EXPERIMENTAL 
(Rotations were determined in chloroform. unless otherwise stated) 


Hexstol Hexa-acetates Acetylation, with acetic anhydride and pyridine, of commercial mannitol 
sorbitol, and dulcitol gave the corresponding hexa-acetates. m. p.s 122-123", 98-100", 168... 160", and 
alo +248", +99", +0", respectively 

A specimen of the commercial mannitol was converted into the trusepropylidene derivative, m. p 
68..70°, a ff +12-3° (¢, 2 in ethanol) (compare Fischer, Ber, 1895, 28, 1167), which was hydrolysed by 
being heated with aqueous-methanolic 0 2~-sulpheric acid on the steam-bath for 4hours. The recovered 
mannitol, m. p. 163-—166°, was treated with acetic anhydride and pyridine and gave the pure hexa 
acetate, which after two recrystallisations from ethanol had m. p. 122-124", « F +266 

oo 


2:3:4: 5-Tetra-acetyl 1: 6-Dibromo-1 : 6-didroxydulcitol —(a) From hesa-acetyl mannitol, The 
finely powdered hexa-acetate (14g . from commercial mannitol) was stirred at 36-—40° with 50% w/v 
hydrogen bromide in acetic acid (500 ¢ Dissolution was complete in 2) hours, and « sold product 
then began to be precipitated. After a total of 8 hours the mixture was allowed to cool to room temper 
ature, and the solid was collected, washed with a little acetic acu’, and dried tm vacuo over potassium 
hydroxide. One recrystallisation trom acetic acid gave the dibromide (26:3 g.), m. p. 198--199 

ay +0° (Found: Br, 33-4. Cak. for C,,H,O,fr,: Hr, 33-6%, After a further 4 weeks at room 
temperature, the reaction mixture had deposited more solid, recrystallisation of which from acetic acid 
gave the same dibromide (11-4 g.), m. p. 197-109", a, +@° (total yield, 23-5%). Similar treatment of 
hexa-acety! mannitol (20 ¢., from the specially-purthed mannitol) gave 5-1 g. of dibromide, m. p. 195 

196°, which on recrystallisation from acetic acid gave 45 g.. m. p. 106-108", 


a Hy +0” (Found 
Br, 33-3%, 


b) From hexa-acetyl sorbstol The hexa-acetate (50 ¢.) was stirred at 35-—40° with 30%, hydrogen 
bromude in acetic acid (167 ¢.) and gave a clear solution in | hour After a turther 3 hours, solid began to 
be precipitated and after a total of 9 hours the solution was cooled to room temperature. The solid was 
collected, washed with acetic acid, dried, and recrystallised from acetic acid to give the dibromide 
(12 g., 22%). m. p. 197-198", (al? +0° (Found: Br, 33.6% 

From hexa-acetyl dulestol, The hexa-acetate (25 g was stirred at 35--45° with 50%, hydrogen 
bromide in acetic acwld (83 ¢.) for 10 hours, at no time was a clear solution obtained. The mixture was 
cooled, aod the solid was collected, washed with acetic acid, and dned, to give 166 2., m. p. 160-183": it 
probably contained unchanged hexa-acetate, which ts much less soluble in acetic acid than the hexa 
acetates of mannitol and sorbitol. Six recrystallisations from acetic acid, followed by three from 
dioxan, gave the dibromide, m. p. 196-108" (Found - C, 35-7; H, 4-6; Br, 33-55. Cale. for C,,H,O, Hr, 
C, 353, H, 43. Br, 33-6% 


2.3.4. 5-Tetra-acety! 1 : 6-Di-1ede-1 | 6-dideorydulestiol.(a) The dibromide (9 52¢.; from commercial 
mannitol) was heated under reflux with sodram isodide (158 g.) in acetone (120 ¢.c.) for 24 hours The 
soled (7-5 g.) was filtered off from the cooled solution and washed with acetone The filtrate and 
washings were evaporated to small bulk, diluted with water, decolorised by the addition of some sodium 
thiosulphate, and extracted with chloroform. The extracts were dried (Na,SO,) and concentrated until 
crystals began to separate, methanol was then added, and the solid was collected, washed with methanol 
and dred (yield, 1-4 ¢ m. p. 185 The solid (7-8 g.) which had been removed from the original 
reaction mixture was washed with water, which extracted sodium bromide (4-2 ¢ the remdue (3-6 ¢ 
m. p. 188 100", was combined with the material of mp. 165° and recrystallised from dioxan to give the 


di-sodide, m. p. 188-—~ 190" (decomy aff +0° (Found: C, 204; H, 38. C,,HO,1, requires C, 20-5 


(6) The dibromide (1 g.) was dissolved in freshly-<iistilled acetic anhydride (0 ¢.c.), dry sodium 
iodide (2 g.) added, and the mixture heated under reflux for 95 minutes. A solid separated. The 
mixture was poured into ice-water, and the precipitate was collected and recrystallised from ethanol, it 
formed colourless plates of the di-tocdide, m. p. 18S 189", [aly +0 


Hydrogenation of 2-3 4° 5-Tetra-acetyl 1 6-Dibromo-1 : 6-dideorydulcitol._The dibromide (10 g.; 
wepared from commercial mannitol) was hydrogenated in the presence of magnesium oxide (5 g.) and 
Rakes nickel (ca 10g.) in ethanol (25) ¢_) for 16hoursat 110°/125atm. The cooled and filtered solution 
was concentrated to smal! bulk and diluted with water, which precipitated a solid (2-3.g.),m. p. 180-190 
which stall contained bromine and was rejected. Chloroform extraction of the aqueous-aleoholic solution 
gave only 0% g. of a crude product, and it was concluded that deacetylation had occurred. The catalyst 
was therefore washed with hot water, the washings were combined with the aqueous alcoholic solution, 
and the whole was evaporated to dryness ander reduced pressure The residue was heated on the steam- 
bath for 12 hours with acetic anhydride (0) c.c.) and fused sodium acetate (3 g.); pouring of the reaction 
mixture into cold water then gave a solid (1-45 g) which on recrystalliaation from methanol gave 
2:3: 4: S-tetra-acety! | : 6-dideoxydulcitol (10 g.), m. p. 182-184", (a ff +0", identical with a specamen 
obtained from 1 6-dithiodulcitol (see below) 


This tetra-acetate (0-9 g.) was dissolved in dry methanol (70 cc.) and ~-methanolic barium methoxide 
(1-Sc.c.) wasadded. After 12 hours at room temperature, the alkali was neutralised with carbon dioxide 
and the solution was evaporated to dryness. The residue was taken up in warm ethanol, filtered, and 
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ev . and finally recrystallised from methanol to give | : 6dideoxyduicitol, m. p. 179-—180", 
(al? 40° («, 2-6 im water) (Pound: C, 465, H, 95. Cake. for C,H,O, C, 480, H, 04%) 


Treatment of 1 6-dideoxydulcitol (0-2 g.) with dry acetone (10 cc.) and pure sulphuric acid (0-1 g.) 
for 12 howrs at room temperature, followed by neutralisation wou OF carbonate, filtration, and 
evaporation, gave the —— derivative (0-25 g.), m. p. 61°, (a ff 40°, which formed small 
prisme on sublimation at 10U" ) om 

Hexa-acetyl Dulestol from the Dibromides.—(a) The dibromide (1-9 g.. from commercia) mannitol), 
fused potassium acetate (2.5 g), acetic anhydride (5 ¢.c ), and acetic acid (15 cc.) were heated under 
reflux on a sand-bath for 16 hours. 4 crystalline precipitate of potassium bromide appeared during this 
time. The cooled mixture was stirred with water (25 c.c.) and the precipitated hexa-acety! dulcitol 
(1-6 @), mp. 167-169", was collected. Kecrystallisation from ethanol gave a colourless solid, m. p 
168.169", (a }} +0", the m. p. was oot depressed on admixture with an authentic specimen 

(6) The dibromide from pure mannitol similarly gave hexa-acety! dulcitol (93%), m. p. 168-169", 

a) +0° (Found C, 2, H, 62. Cale. for C,,H,,0,,: C, 498; H, 60%) 

(c) The dibromide from sorbitol gave hexa-acety! dulcitol (95%), m. p. 168-169", (a |) + 0° (Found 

C, 1, H, &2% 


The hexa-acetate (1 g.. from (6)' was heated under reflux with ethanol (35 c.c.) and concentrated 
hydrochloric acid (1 ¢.c.) for 54 hours. Evaporation to dryness then gave dulcito!l (0-38 g ), m. p. 182 
184°, raised on recrystallisation from ethanol to 186-—157°, undepressed on admixture with an authentic 
sample. The hexa-acetate from (¢) gave an identical product. 


Hydrolysns of 2.3. 4: 5-Tetra-acetyl 1 6-Dibromo-1 | 6-dideonydulcitel wtih Hydrobromic Acid 
The bromude (1-64 g ) and 5%, aqueous hydrogen bromide (72 c.c.) were heated together at 100° until 
complete dissolution was effected (4 days) The solution was filtered, neutralised with silver carbonate, 
and refiltered The filtrate was evaporated to dryness and the product extracted with hot ethanol. The 
insoluble residue was dissolved in water, and the solution acidified with hydrochloric acid and evaporated 
to small volume, it was then neutralised with silver oxide, filtered, and treated with hydrogen 
sulphide After the removal of the silver sulphide the solution was evaporated to dryness and the 
residue recrystallised from ethanol-water, it formed white cubes (0-15 g., 27%) having m is8— 189° 
alone or when admixed with authentic dulcitol, (ef + 0° (Found: C, 38-9, H, 7-4. Calc. for C,H,,0, 
C, 305, H, 77%). The hydrolysis product (0-1 g.), dry pyridine (2 c.c.), and freshly distilled acetic 
anhydride (2 c.) were mixed. After being warmed slightly, the solution was kept at room temperature 
for 4 hours and then boiled under reflux for 20 minutes. The acetylation product was isolated in the usual 
manner Dulcitol hexa-acetate (01g ) was obtained as colourless needles (from ethanol), m. p. 160-— 170°. 


Desaiphurisation of 1 6 Dithvedulestol.— The dithiol (previously described as “ 1: 6-dithiomannitol ' 
by Evans, Fraser, and Owen, Joc. cat.) (1-5 g.) was suspended in water (0 c.c.), and Raney nickel (ca. 14g.) 
was added, vigorous effervescence occurred. The mixture was heated on the steam-bath for 5 hours, 
and was then filtered and evaporated to dryness. The residue was acetylated by being heated on the 
steam-bath for & hours with acetic anhydride (10 ¢.c.) and fused sodium acetate (0-5 g.); addition of 
water, followed by chloroform-extraction and evaporation of the washed (NaHCO,) and dried (Na,SO,) 
extracts, gave a syrup (1-5 ¢.) which slowly crystallised. Recerystallisation from methanol gave 
2.3.4) b-tetra-acetyl 6-dideosyduleiiol, m. p. 182-184", [a P 40° (Found: C, 528; H, 72 
Cy HyO~ requires C, 52-8; H, 7.0%) 


Pentabromo-acetonyhexsane.—2 > 3.4. 5-Tetra-acetyl 1. 6-dibromo-1 : 6-dideoxydulcitol (2 g.; from 
commercial mannitol) was heated with 50%, hydrogen bromide in acetic acid (20 cc.) in a sealed tube 
at 100° for IS hours. The mixture was then poured into water and extracted with chloroform, and gave 
a syrup (2 ¢.) from which a small amount of solid (0-1 g.) was obtained by treatment with methanol and 
light petroleum (b. p. 40-60"), Two recrystallisations from ethanol gave needles, m. p. 138—140 
af +0 (Found: Br, 73-7. Cale. for C,H,,O,Br,: Br, 742%). The m. p. was not depressed on 


admixture with a specimen prepared directly from hexa-acety! mannitol (compare Evans, Fraser, and 
Owen, loc. cat.) 


2.3.4) S-Tetra-acetyl 1 6-Dichloro-1 . 6-dideorydulcitol —Finely powdered hexa-acety! mannitol 
(10 g ). comtained in a Carius tube cooled in liquid nitrogen, was covered with liquid hydrogen chloride 
(5-10 ¢.c.) by allowing the dried gas to condense in the tube. The tube was then sealed and set aside 
at room temperature for 6 weeks. After bemg cooled in liquid nitrogen, the tube was opened and the 
hydrogen chiornle was allowed to evaporate. The solid residue from three such experiments was 
triturated with ether at 0° and gave 23g. of the dichloride, m. p. 207-212", raised on recrystallisation 
from dioxan to 215-216", “¥ + 0° (Found, C, 43-8, H, 5-15; Ci, 18-5. Cale. for C,,H,O,C,: C, 
434 HS. Cl 183%) iacher and Armstrong (Joc. cit.) for “ tetra-acety! 1. 6-dichloro-1 : 6-di- 


deoxymannitol give m. p. 214 


Proof of structure, The dichloride (0-77 g.) was heated under reflux with fused potassium acetate 
(1-25 @ ) om acetic acid (7-5 ¢.c.) and acetic anhydride (2-5 ¢.c.) for 40 hours. After addition of water, the 


precipitated hexa-acety! dulcitol was collected and recrystallised from ethanol, it had m. p. and mixed 
m. p. 167-169", fa)? 40° (Found: C, 494, H, 64. Cale. for C,,H,.0,,: C, 498; H, 60%) 


Thisopropyiidene 1° 6-Dithioduleitol —1 : 6-Dithiodulcitol (05 g.) was treated with dry acetone 
(10 ¢.c.) and pure sulphuric acid (0-1 g ) for 12 hours at room temperature. The acid was then neutralised 
with potassum carbonate and the solution was filtered and evaporated to an oil (0-7 g.) which was 
dissolved in ethyl acetate Addition of light petroleum (b. p. 40-—@0") gave a precipitate (0-06 ¢.), 
m p 156-—157°, which on recrystallisation from the same solvents gave the drisopropylidene derivative 
as clusters of needies, m. p. 158-—160° (Found: 5S, 21-6. C,,H,,O,S, requires S 218%), soluble in 
chiorotorm, insoluble in water 
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2. 43 5 Dimethyiene 1 6-Dibromo-| . 6-dideoryduicstel.— The did dideoxydulcitol tetra-acetate 
(1 @.) was intumately mixed with paraformaldehyde (1 g.) and concentrated sulphuric acid (lc... The 
mixture was gently warmed and continuously stirred. The mass became pasty and then 
Se ee aS Oe ee eee ee eee nes . The 
extracts were « shed with water, dilute aqueous ammonia, and again with water, dried 
(eso, wean The residue (0-6 g.) was partly and when from 

ay Me ee re ea 1 6-debrome-1 1S Sdadeoupduloiiel, sn. phate 145°. cle, 
or (Found. C, 204; H,37. C,H,,O,Br, requires C, 26-9; H, 3-6%,). A small amount (0-07 g.) of 
unchanged starting materia! was recovered. 

1 | 6-Debromo-1 : 6-dideoxydulestel ——Dulcitol (6-4 g.) was heated under reflux with fuming hydro- 
bromic acid (80 cc.) for 5 hours. A small amount of black carbonaceous matter od which was 
filtered off on sintered glass. The clear brown filtrate was evaporated under as en and the 
residual thick syrup was triturated with ice-water, whereupon ial © by a 
was separated, when recrystallised from alcohol (charcoal) for = yy ebite Plates 
1 jdbvenes 6-dideoryduletiol, m. p. 172-—174" (decomp.) (Found: C, 82 eh Br, 
requires C, 23-4: H, 39%). Maquenne (op. cif.) describes the — AL. of this - t ne 
physical constants have been recorded 

Converson of 1: 6-Dibromo-1 : 6-dideorydulestel into Vogel's Tetra-acetyl Dibromedideonyheritol.— 
The dibromide of dulcitol (0-045 g.) was dissolved in pyridine (5 ¢.c.), acetic anhydride (1 c.c.) was 
added and the mixture was kept at room temperature for 24 hours. Thereafter, it was poured into 
ice-water, a crystalline precipitate then separating. This was collected, washed with water, and recrystal- 
lised trom acetic acid to give | : 6-dibromo-1 : 6-dideoxydulcitol tetra-acetate (0-02 g.), m. p. 196-198", 
alone or in admixture with the material obtained from mannitol hexa-acetate according to Vogel (/oc. tt.) 
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587. Synthetical Experiments in the B Group of Vitamins. Part II.* 
Pyrrolinones Derived from the Condensation Products of Primary 
Amino-esters and Formyl- or Acetyl-succinic Acid Derivatives. 


By A. Cowen 


Condensation of some simple primary a-amino-esters with formy!- or acetyl-succimic esters 
yields carbalkoxyalkylaminottaconic esters (III), which are cyclised by sodium or sodium 
alkoxide to derivatives of the pyrrolinone (IV). Cyclisation of the carbalkoxyalkylaminoitaconic 
acid derivative (IX) with a terminal nitrile group yields a bicyclic pyrrole derivative (X) 


As a preliminary to the synthesis of 3-hydroxypyridine derivatives related to pyridoxin 
(vitamin B,) (to be described in Part III, in preparation) the condensation of a-amino-esters with 
acylsuccinic esters and related compounds was studied as a means of providing suitable 
substituted aminoitaconic esters (II]) which might be cyclised in a Dieckmann reaction to 
ketotetrahydropyridines (cf. V) 


COR, COUR, 
cH, ie 


‘C-CO,R, O,R, Hoon, a 
HO-CR, 4 Ret . 0 
¥ Pg 


(aL) cai 


+ Ms 
O,R, ¢ ‘¢-CO,R, 
> nana ae 


(Iv) 





* Part 1. /., - 1965, 165 
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It was found that the aminoitacon esters were only suitable for such a cyclisation if the 
nitrogen atom was completely substituted and did not carry a hydrogen atom as it does in 
(111)), that is, if they were derived from secondary 2-amino-esters (see Part III The present 
commutuication concerns the aminoitaconic esters of type (I[1), derived from primary 2-amuino- 
esters, and their cyclisation products, the pyrrolinones (1V) 

The reaction between esters (1) of glycine, pt-alanine, and 2-aminoisobutyric acid on the 
one hand, and a-formyl- of s-acety!-succinic ester (11) on the other, yields quite readily the 
substituted amimoitaconic esters (II1) The elimination of the elements of water is 
spontaneously exothermic with formyleuccinic ester, but with the acetylsuccimec ester heat is 
required, this difference may be attributed to the differing contents of enol form in these esters, 
which are 50%, (Carriére, Ann Chom, 1922, ix), 17, 38) and 3°7% (K. H. Mever, Ber, 1912, 46, 
2854), respectively 

The condensations (1) + (Il ~ ill > (1V) described in the Experimental section 
represent a limited number of examples of a reaction which is clearly of much wider scope 
They are tabulated below with reference to the nature of the groups K,-—K,, and meclude the 


Reac tants 
C-lycome ethyl! eater and ethy! « formylmiccinate 
(elycine ethyl! ester and ethyl! «-acetylauccinate 


mt. Alanine ethyl! ester and ethy! a formylsuccinate 
mt- Alanine methyi ester and ethy! «formyleuccinate 


k 
I 
2 
Li 
I 
I 
I 


Methvi « amineosobutyrate and ethy! «-formylisuccinats t 


mt Alanine ethy! ester and ethyl! §-yaneo-e-formylpre t or 
promate CO,! e 


K 
I 
I 
Celycine methy! ester and ethy! «-acetylsuccimate : I 
I 
I 
I 
I 


condensation product of 4 une ethyl ester and ethy! a-formylsuccinate, although this compound 
and the pyrrolinone forme ¥ its cyclisation are described in a recent paper on “ 4-Carbethoxy 
2-pyrrolones ©" by Grob t Ankh (Hele Chim. Acta, 1949, 32, 2010 The work now reported 
was completed m 1942 (cf BP 551,216 1941 the pyrrolinone cyclisations were reported t 
the AXlth International Congress of Pure and Applied Chemistry, London, July 1947, Abstract 
No. 2473, in the course of a communication on the synthesis of pyridoxin 

The condensation of primary arylamines with ethy! a-formylsuccinate has been found by 
( t : i) to yield arvlaminottaconic esters, but Emery has recorded (Annalen, 1890 
260, 137 Mu action of ammonia or promary aliphatic amines with ethyl acetylsuccinate leads 
to rohinones (VIL), presumably through the aminoitaconates (V1) from which the elimination 
of the elements of alcohol may be brought about by distillation 


’ 
Hic Me . (Me 
Vil 


( CO,Et > ) (<4 O Rt 


ntrast, the sul | t . sn ibex i nder reduced pressure 
high temperatures wi f me omposition af yclisath by eclrmination of 
Ohol has n observed ' nkhi f)l “xpi ed the greater tendency 
or thermal cyclisation f the ami ldenesuccink t mpared with the 
analogous amimomethy! mpour lll; RK, H being « he higher electron 
density at the nitrogen o of (V1) which ws brough t it by "nT watory effect of the 
methyl! ' 1 ti shift caused | th ‘ moe However, the 
condensation product t , Hi ‘ t tained from 
glycine . . ~t! ‘ visucci t ‘ u isk” 6 at ol pump 
therefore appears that the 
ester i : t nd inhibitory influence on the thermal 

sMinotaconn 
tituted aminotaconic esters derived f ( * and alanime esters have been 
«xhum or sum alkoxide yielding derivatives (IV) of A*-pyrrolin-2-one, isomeric 
with the hypothetical tetrahydro-3-ketopyridine derivatives (\ Formulation as (IV) is 
supported by analysis, lack of bas character (hydrochlorides are not formed in anhydrous 
media), failure to obtars 3-hydroxypvridine derivatives by a dehydrogenation procedure such 
as bromination Part 111), and the presence of the reactive methylene group. In accord 
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with this, for example, 4-carbethoxy-)}-carbethoxymethyl-5-methyl-A*-pyrrolin-2-one (IV; 
R, = R, = H, R, = Ry ~ Me, R, = Et) forms a yellow benzylidene derivative. The reactive 
methylene group 1s also demonstrated im condensations with ethyl 
CR, orthoformate in the presence of acetic anhydride or acety! chloride. 
C-CO,R, This reaction yields red or orange-coloured crystalline methine 
derivatives, the composition of which is m agreement with the 
C formulation (VIII) (R, ts replaced by H in this formula since the 
CH compounds mentioned were dernved from glycine and alanine respec 
cH tively) 

: The aminottaconsc ester obtained from methy! a-amimnossobutyrate 

ROC Of C-CO,R, : 
ncH—k—tR was only available in small amount and its cyclisation was not 
VI . carned out. The condensation product (1X) obtamed from pt-alanine 
ethyl ester and ethyl $-cyano-a-formylpropionate was cyclised with 
sodium or sodium ethoxide, yielding a non-basic compound, C,,H,,O,N,, which is soluble in 
dilute alkali and gives a positive test with Ebriich’s reagent. It is therefore formulated as 
the bicyclic pyrrole derivative (X) and it is considered to be formed by additive cyclisation 
of -NH~ to the nitrile group followed by isomerisation and elimination of aleohol as depicted 


cH, . HN CH, x CH 


Eto, 6 nc CCOEt Fog ‘ CCO Et ¢ C-CO,Et 
Me-<H—NH-——CH MeCH N——CH Me-CH—— N——-CH 
IX (X.) 


Although hydroxymethylenesuccinonitnle us unstable under ordinary distillation conditions 
and could not be prepared in a pure state, its potassium salt (X1) was obtained by treatment of 
succinonitrile with ethyl formate in the presence of potassium ethoxide. The same compound 
obtained with the aid of potassium tert -amyloxide was recently reported by Grob and Ankli 
(Helv. Chim. Acta, 1950, 33, 273), who have apparently overlooked the author's earlier 
preparation (BP. 551,216, US.P. 2,384,068) while acknowledging its use in condensations 
with amino-esters 

When (XI) ts heated with givcine ethy! ester hydrochloride, neutralisation and condens- 
ation vield N-(carbethoxymethy!)aminoitaconodinitrile (X11) These experiments were not 


CN _N 
CH, CH, 


O,Et 4 CCN KCl + H,O 
H, KO-CH 
‘NH,HO 

(XI) X11) 


pursued as it was realised at the time that the main objective, oiz., synthesis of keto 
tetrahydropyndine derivatives, required condensation products derived from secondary amino 
esters, to which attention was then directed 


EXPERIMENTAL 
M. p.s are uncorrected 


4-Carbethory-\|-(1-carbethoayethyl)-S*-pyrrolim-2-one (IV. BK, Me, KR, ~ R, ~ Et, R, = R, ~ H) 
bt-Alanine ethy! ester (33 ¢.) and ethyl e-formylisuccimate (44 « were mixed, with immmecdmte 
development of heat. After | hour, the mixture was freed from water and fractionally distilled. After 
removal of a small fore-run (2 g.), ethyl N-(l-carbethosyethylamimottaconate (ill, KR, Me, RK, 
R, . R, = Ry « Et) was obtained as a er oil, b. p. 156—159" 0-1 mm. (04%) (Found 
55-05; H. 7-6." C,HyO.N requires C, 55-8; H, 


A soletion of this oi! (6-3 g.) in dry “ AnalaR ' achan (20 ml.) was refluxed with powdered sodium 
(0-45 g.) in an atmosphere of dry nitrogen for | hour. The cooled liquid was made just acid to litmus 
with dilute hydrochloric acid and ice. The benzene extract was combined with a further ethereal 
extract and washed with sodium hydrogen carbonate solution, water, and dried (Na,50,) After 
removal of solvents, the residue was distilled mm vacuo, yielding 1-75 g. of 4-carbethoxy-1-(l-carbethoxy- 
ethy!)-S*-pyrrolin-2-one, b. p. 136-—140°/04 mm. It crystallised from light petroleum in colourless 
feathery needles, m P 40—42° (Found: C, 566; H, 69; N, G8. Cale. for C,H,ON: C, 65 
H, 67, N, &56%). Grob and Ank)li (Joc. cit.) give m. p. 42—43° (corr), This compound absorbs 
bromme (no crystalline product could be isolated), and gives with ferric chioride a greenish-yellow 
colour, gradually darkening to magenta. When the ester (5-1 g.) was mixed with ethy! orthoformate 
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(3-0 ¢ ) and acetyl! chloride (1-6 g ) a vigorous reaction ensued. After some hours the mixture was freed 
thant volatile liquids at a vacuum on the water-bath. The residue crystallised from 
ha petra alcohol, y 


benzene - 

ing ethyl |-(carbethoryethyl)-4 4 — I. ey ay Ae 2-Leto-S*- 

© S-yimethylene -5-heto-S* ne-B-cardboxylate (VILL; RK Me. ~ H, R, = K, ~Et), red 

comien m. p. 143° (Pound: C, 67-2; H, 595; N, $7 Cosy, A. Toot 37-7: HH, @15; N, 
4%) 

In an early experiment in which it was intended to de strate the direction of cyclisation by 
employing different ester groups im the initial reactants, alanine methyl ester (4-5 g.}) and ethyl! e-formy!- 
succinate (8-5 g.) were allowed to react as described above, yielding ethyl N-(l-carbomethoxyethyl)amino 
itacomate (111; Ky, = Ry = Me, R, = “ ~ H, Ry = Ry = Bey ag) gry b. p. 173° 04 mm 
(Found: C, 644, H, 76, N,GS1. C,,H,,O.N voquives C, M4. 7 49%) 


When this was cyclised with sendin sodium in benzene (cf aeve, some trans-esterification 
occurred and the distilled product (2-6 ¢.), b. p. ca. 155° 0-2 mm., could not be crystallised. Analysis 
ave results which were intermediate between those for a methyl and those for an ethy! ester (IV, 
, @ Me, Ry = BR, ~ H, RK, = Et, Ry = Me of Et) (Found: C, 554; H, 64. Cale. for C,,H,,O,N 

C,'s6e5, H,%7%." Cale. for C,,H,,0,N . C, 548. H, 62%) 


4-Carbethory-| -carbethorymethyl-\*-pyrrolim-2-ome Condensation of glycine ethyl ester (5-5 «.) 
with ethyl « oe gg gl (101 ¢) as already described yielded ethyl N-(carbethoxrymethyi)- 
amimottaconate (11-2 8. 78%), re of 175-178" /0-6 mm. (Found: C, 540; H, 70; N50. C,,H,,O,N 
requires C, 5443, H, 73 x. 49 This was cychsed with sodium in benzene solution yieiding the 
fPyrrodimome 185° 2 mm which crystallised from light troleum (b. p. 60-80") in feathery 
needles, m (Found C, 5448, H. 63, N58 sH,,ON requires C, 54-8; H, 62; N_ 58%) 
Ferric chloride is first decolorised by this compound in ‘aliokeh. solution, but in excess Causes a purple 
red colour 





4 Carbethory- | -carbethosymethy! 5-methyl. S*-pyrvolin-2-ome — A mixture of glycine ethyl ester (7-3 g } 
and ethyl «acetylsuccimate (17 g) was heated on a boiling water-bath for 2 hours and left cooling 
overnight. The viscous oily mixture was dissolved in ether, washed with aqueous sodium hydrogen 
carbonate, and water, and dried (Na,SO,). Ether was removed, and the residue (ca. 18 g.) crystallised 

Kecrystallisation from a mixture of a smal! volume of benzene and a large volume of light 
yielded TT wm needles of ethyl a-(1-N-carbethorymethylaminoeth yiidene) succimate (111; 
H, Ry ~ Me, ~ R= _ m. p. 546-57" (Found: C, 56-8; H, 7-75; N, 4&8. 
CHAO N requires C, 55-8 =" 7 7 N, 465%). A portion of the crude compound (13-5 g.) was distilled 
in eacwo. A low-boiling fraction (3-2 g.) of unchanged ethy! acetylsuccinate was obtained, followed by 
the purified condensation product (8 g.), b. p. 175-178 0-5 mm., a non-volatile residue (ca. | g.) being 
~ The distilled product crystallised spontaneously, was identical with the above undistilled material 
~~ ae - mixed m p. 556-—57°), and depressed the m_ p. of the cyclisation product (61°) described below 

to 3 


For cyclisation, this compound (10-5 g ) was treated in benzene (35 mi.) solution with sodium powder 
(0-77 ¢) as described for the first example above, yiekling the pyrrolimone, b 16” 0-2 mm. (4-4 ¢., 
Si%) It crystallised from hght petselout (b. p. 60-80") in colourless essdien, m. p. 61° (Found 
C, 566, 4,67, N, 5&7. Cy,H,,O.N requires C, 565; H, 67; N, 5-5%) 


The beneviidene derivative, obtained by briefly heating an equimolecular mixture of the compound 
benzaldehyde, and a trace of piperidine on a boiling water-bath, crystallised from methanol im bright 
yellow needies, m p 100° (Found C, 666, H, 60, N.@1. ¢ pelt, ,O.N requires C, 66-5, H, 61 
N. 41% 


Methine deriwwatiwe (VIIL, KR, H, R, = R, « Et, Ry «~ Me) A mixture of the pyrrolinone 
(10 g.) and equal quantities of ethy! orthoformate and acetyl chiornde reacted vigorously, evolving 
hydrogen chiorde. Volatile material was removed (water-bath and water-pump) and the residue 
of ethyl L-carbethorymethyl4-(4-carbethosy |-carbethorymethyl-2-heto- 5-methyl-S*-pyrrolin-3-vimethylene) 
5 keto. 2-methyl. \* pyrroline-3-carborylate recrystalised from alcohol, forming orange-red needles, m. p 
176-178 (Found C, 583, HH. 62, N. 545. Cy,HyO VN, requires C, 57:7; H, 615; N, 5-4%) 


4 Carbethosy | carbomethorymethyl5- methyl. S* pyrrolen-2-one A mixture of glycine methyl ester 
6 « ) and ethy! acetylsuccimate (12:5 ¢.) was heated on the water-bath for 2 hours. On distillation the 
condensation product was obtained asa yellow oil (98 g.),b. p.175°/03mm._ A solution of this material 
® ¢) wn dry benzene (36 ml) was refluxed under nitrogen with powdered sodium (0-72 g.) for 1 hour 
The cyclisation was isolated as described above, the pyrrofimome (4:5 g.) distilling at 1556 
158° 0-2 mm. and crystalliaing from Ss lage setroleum in fine needles, mp. 86° (Found: C, 44-8 
H.62. N58 C,,H..O VN requires ¢ ibe N, 58%) 


When treated with ethy! orthoformate and acetic anhydride as already described, this pyrrolinone 
viekled ethyl 1-(carbomethonymethyl)-4- 4-carbethory- 1 carbometho rymethy/)-2-heto-5-methyl-S* pyrrolin-3- 
yimmeth ylene)--heto-2-methyl-\* pyrroline-S-carborylate (VIII, KR, «~ H.R, «= R, ~ Me, R, = Et) which 
formed orange-red needles, m. p. 190-192", on crystallisation from alcohol (Found: C, 56-7; H, 5-8; 
N54. CyhyO.N, requires C, 56-1; H, 57. N, 5T% 


Ethyl N-(2-Carbomethoxyisopropylamimotiaconate —This ester was obtained on mixing equivalent 
quantities of methyl «-aminotsebutyrate and — a-formylsuccinate (development of heat). 
Dstillateon yielded an almost colourless ot] (87%, yield b 155 158° 0-1 mm. (Found: C, 56-1; H, 
76, N40 C\HO WN requires C, 55-8) H, 76. N vas 


Bicycle Pyrrole Dervwative (X).—-Ethy! 8-cyano-a seematommntemane | 16 «.) and pt-alanine ethy! ester 
(16 @.) were allowed to react and the mixture distilled i vacuo after a few hours, yielding ethyl B-1- 
carbethonyethylaminc-a-cyanomethylacrylate (1X) (20-5 ¢.), as a pale yellow oil, b. p. 160° 002 mm. 
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(Found: C, 468, H.73. Cy H,,O,N, requires C, 56-7, H. 71%). A solution of this material (20 
in dry benzene (70 mi.) was adc to 4 benzene suspension of oft powdered sodium (1.54 g.) and refluxed 

1 hour in a nitrogen atmosphere. The mixture was cooled to 0° and acidified with acetic acid and ice 
The tora solid was collected, dried (15-5 g.). and recrystallised from alkohol, yielding 
ethyl 2.34 S-tetrabydre-4- Se a 2-1 2igtvoraline-4'-carborylate (X) as colourless 
leaflets, m. p. 187° (Pound: C_ 57-9, H, 58, N, 134 Cagle requires C, 57-7, H, 6-8, N, 13-5%) 
Light absorption (in alcohol): Max., sane and 2600 4; 1,000 and 9000, respectively. The 
substance 1s insoluble in dilute hydrox hloric acid and does not form a hydrochionde when treated with 
hydrogen chloride in anhydrous alcohol-ether. It is soluble in dilute sodium bydroxide and warm 
sodium carbonate solution, and gives a red colour when warmed with Ebrlich’s reagent. This cyclisation 
can also be effected by refluxing (1X) with an absolute alcoholic solution of ome equivalent of sodium for 
15 minutes under nitrogen 


Potasssum Salt of Hydroxymethylenesuccimomtirile (X1)—A solution of succinonitrile (16 g.) and 
ethyl formate (16 g.) in anhydrous ether (32 mi.) was gradually added at 0° under an atmosphere of dry 
nitrogen to a stirred solution prepared from potassium (7-8 g.), absolute ethanol (25 ml.), and anhydrous 
ether (4) mil.). A yellow opt eye was soon formed, more anhydrous ether (0 m!_) was added, and the 
mixture allowed to reac temperature during a few hours. The precipitated cream.-yellow 
potassium salt (23 g.. 78%) was filtered off, washed with anhydrous alcohol-et (1: 3), and dried 
m vacuo (Found. N, 185; K, 267%: N Ke 201:1. C,HJON,K wires N, 102; K, 267% 
NK 2-1). It may be recrystallised from alcohol by addition of ether, but the solution darkens in 
spite of operating under nitrogen, the product has m. p. 199 

N -(Carbethoxrymethylamtinovlacomodimiutnile (X11) A mixtere of the above potassium salt (1-5 ¢.) 
and a slight excess of glycine ethy! ester hydrochloride (2 g.) was heated on a boiling water-bath for 
lt hour. The melt was extracted with ether and washed with ice-cold dilute alkali and water The 
ethereal solution was dred and evaporated, and the residue warmed in oil-pump vacuum to remove 
volatile material. Distillation of the residual light-brown oi! (1-1 g.) was not ey * but it consisted 
essentially of the desired product (XII) (Found: N, 22-2. Cale. for C,H,,O.N, , 21-75%). Grob 
and Ankh (Helv. Chim. Acta, 1950, $3, 273) report m. p. 57 


Researcn Derartwent, Kocue Propucts Limirep 
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588. Synthetic Polypeptides. Part I. 
By W. E. Haney, 5S. G. Warey, and J. Warsow 


The preparation of several N-carboxyamine-acid anhydrides (1) is described. The 
methods that have been used for the polymerisation of these anhydrides are discussed and a 
new general method has been investigated In this a edure the anhydrides are polymerised 
in nitrobenzene solution by amino-acid dimethylamides to give quantitative yielkls of 
polypeptides; co-polymers can readily be prepared by this method. The properties of the 
polymers and co-polymers are described 


Tue preparation and polymerisation of N-carboxyamino-acid anhydrides (1) was first described 
by Leuchs (Ber, 1906, 39, 857, 1907, 40, 3235; 1908, 41, 1721) and later studied by Curtius 
and Sieber (ibid, 1922, 55, 1543), Fuchs (1bid, 1922, 65, 2043), and by Wessely and his 
co-workers (Z. physiol. Chem , 1925, 146, 72; 1926, 157, 91; 1926, 159, 102; 1027, 170, 167; 
Monatsh, 1927, 48, 1). These workers investigated the reaction of N-carboxyamino-acid 
anhydrides with water, alcohols, and amines and established that generally a mixture of 
products resulted 


RHC—— ¢O 
R'N oO 
. He NR°CHR-CO -ORt Hs NR°CHR-CO .“NMe, 


‘co 
(al) (iL.) (HL.) 


Thus decomposition with ethanol yielded the amino-ester (II; # 1) and polymers 
(ll; w= 2, 3, 4 ). By varying the experimental conditions good yields either of the 
primary fission product or of polymers could be obtained. Some tertiary amines (¢ ¢., triethyl- 
amine) were found to affect the N-carboxyamino-acid anhydrides little, but pyridine readily 
afforded polymers. Even when precautions were taken to dehydrate the pyridine it still 
decomposed the anhydrides, and the nature of this reaction has not been elucidated 

During the last few years the synthesis of polypeptides by the polymerisation of N-carboxy- 
amino-acid anhydrides has become a preparative reaction of some importance. Various 

polymerisation have been employed. Thus pyridine has been used, either alone 
(Go and Tani, Bull. Chem. Soc., Japan, 1939, 14, 510; Hanby, Waley, and Watson, Nature, 
1948, 161, 132) or in ethy! acetate solution (Astbury, Daiglizsh, Darmon, and Sutherland, Nature, 
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1948, 162, 506) The last workers also conducted polymerisations in moist benzene, a method 
first used by Woodward and Schramm (J Amer Chem. Soc, 1947, 69, 1551 The anhydrides 
have also been polymersied by heat in vacuo (Frankel, Grossfeld, and Katchaiski, ibid., 1948, 
70, 2004. Franke! and Berger, Nature, 1949, 163, 213. Katchalski and Spitnik, Nature, 1949, 
164, 1002). There seems thus to be little agreement about the best conditions for carrying out 
these polymerisations, and, until recently, no detailed study of the mechanism had been made 

The mechanism of the polymerisation of N-carboxysarcosine anhydride (I; K = H, 
Kt’ «= Me) has now been elucidated (Waley and Watson, Proc. Roy. Soc., A, 1949, 199, 499 
When polysarcosine dimethylamide (II1; R’ = Me, RK H; «= 10) was used to initiate the 
polymerisation of the anhydride in nitrobenzene solution the reaction took place smoothly and 
quantitatively at room temperature 

The progress of the reaction is readily followed by observing the evolution of carbon dioxide 
the polymerisation is carried out in an evacuated flask with a manometer attached. The use of 
a low polymer to initiate the polymerisation has the advantage of eliminating the side reactions 
observed in some cases formation of diketo~perazines (Wessely and Sigmund, Z physiol. Chem, 
1026, 159, 102) or of hydantoins (Wessely, ued, 1927, 170, 167 


Also the variation of velocity 
constants with length of cham is minimised 


But for preparative purposes the use of the 
monomeric dimethylamide (III " 1) 1 usually satisfactory This method 


seems mure 
convenient than the others, and im especially satisfactory 


for co-polymerisations. In such 
reactions it is useful to have some idea of the overall rate of reaction of an anhydride (1) with 
the corresponding dimethylamuide (III; i Some relative rates, referred to N 


CaTDOXKY- 
sarcosine anhydride as unity, are set out in the table below 


they are necessarily only a rough 
guide because the rates are governed by several velocity constants 

Relative Relative 

ke kK velocity kK Kk velocity 

H H 5 C,H CH, H lot 

Me H i H (CH,),CH io 

These may be termed “ straight reactions  m that the anhydride is reacting with the dimethy! 

amide derived from the same amino-acid But in co-polymerisations “ cross-reactions "' also 

occur, in which the anhvdride reacts with the dimethviamide derived from 

aming-aced Measurement of the imitial rates of the 


a different 
reaction of N-carboxyglycine anbydmnde 
I Kk K H) with sarcosine dimethylamide (III K H, R Me, # 1), and of 
carboxysarcosine anhydride (I K H, RK Me) with glycine dimethylamide (III 
kK HH: » 1), showed that the rates of the cross-reactions were of the same order 
of tive corresponding straight reacthons 


as 
Our method of polymerisation can also be used to prepare polypeptides in which a number of 
resixlues of one amino-acid are followed by a number of residues of another amino-acid Thus 
N-carboxyglyeine anhydride has been decomposed by polysarcosine dimethylamide (ILI; 


on the average, about a hundred 
giycine residues are followed by a hundred sarcosine residues This novel method 


K H. kk Me. w 100) to give a polymer in which 


of preparing 
mixed polypeptides is very useful im certain cases Phe generic term “ polypeptide © is used in 
this paper, the terminal dimethylamide group being neglected 

\ Carboxyamino- act an Iricte 


usually prepared from the carbalkox 
vative ([V) by treatment with phosphorus pentachloride or thionyl! chloride the imter 
! chlorides are not usuall isolated Altho method of treating the 
R°O.- NHR -CHRCO WW PhCH CH(CO,H)-CO-NH-OR = (N 


carbomethoxy derivative (LV K Me) with thiony! chioride is still the most common, the 
carbobensyvloxy-derivatives (IV Kk CH,Ph) evelise more readily and the use of phosphorus 
pentachiorme frequently gives a cleaner product Attempts to use the 


methoxybenzyl 
deriwatives (IV kK { HH, -¢ oti, Me) were unsuccessiul 


since methoxybenzyl chloroformate 
decomposed before it could be coupled with the amino-acid or characterised 


The anhydrides have also been prepared by the Curtius degradation (Curtius and Sieber, 


and we attempted to use the Lossen degradation similarly 


; 
som f 


Ethy! benzyimalonate was 
hydrolysed with one equivalent of potassiom hydroxide, and the half ester condensed 
with hydroxylamine to give a-carboxy-$-phenyvipropronhydroxamic acid (V; R H). Benzoyl- 
ation afforded the O-benzoy! compound (V; K Bz), but neither this nor its potassium salt 
yielded the desired N -carboxyphenylalanine anhydride (1; RK «« CH,Ph, R H) when heated 


Polymerisation of the appropriate anhydride, by the method described above, gave 
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polyglycine, poly-pt-alanine, polysarcosine, poly-t-leucine, poly-pi-valine, and poly-p.-phenyl- 
alanine dimethylamides. Of these, only poly-pt-alanine and polysarcosine dimethylamides 
were appreciably soluble in water, and only the latter was soluble in nitrobenzene and aceto- 
phenone. Most of these polypeptides were tough, horny solids, which dissolved in concentrated 
sulphuric acid and in dichloroacetic acid. Although they decomposed slowly in sulphuric acid, 
solutions in dichloroacetic were much more stable 

We hoped to be able to determine the molecular weights of these polypeptides by amino- 
nitrogen (van Slyke) analyses in dichloroacetic acid solution. This solvent, however, proved 
to be unsuitable for the determinations. By amino-nitrogen analysis a polymer of pt-alanine 
was found to have a degree of polymerisation of about 100; this agrees reasonably with the 
value (150) predicted from the amounts of N-carboxy-pi-alanine anhydride and initiator used 

By using two N-carboxyamino-acid anhydrides, co-polymers of the following were prepared 
giycine-sarcosine, a-amimoisobutyrc acid—pi-phenylalanine, a-aminoisobutyric acid-pi-valine, 
givcine—pt-phenylalanine, DL-valine-pi-phenylalanine, L-leucine-pi-phenyalanine. Co- 
polymers were also made from N-carboxy~y-methy! t-glutamate anhydride (1; K = 
MeO ,C-CHyCH,, R’ « H) (whose preparation is described in Part 11) with N-carboxyglycine 
anhydride and N-carboxy-pi-phenylalanine anhydride. In some cases, the solubilities of the 
co-polymers were intermediate between those of the simple polymers, but in other cases were 
greater than either. As with the simple polymers, the only satisfactory general solvent was 
dichloroacetic acid although in particular cases other solvents were found. Like other high 
polymers, these polypeptides often swell markedly in non-solvents 

In most cases evaporation of a solution of the polymer gave a coherent film. Extrusion of 
the solution into such non-solvents as water, alcohol, or ether afforded fibres. None of the 
polymers or co-polymers melted without decomposition 


EXPERIMENTAL. 


N-Carbomethory-pi-valine.-A solution of DL-valine (23-5 g.) in water (250 ¢.c.) containing sodium 
hydroxide (16g ) was cooled to 0° and methy! chioroformate (20 c.c.) added with stirring After 14 hours, 
the solution was extracted with ether, the aqueous layer acidified, and the ot! isolated with ether. The 
carbomethoxy-compound, recrystallised from water, had m. p. 88-80" (23-7 g.) (Found: C, 480; H, 
7-4; N, 80. C,H,O,N requires C, 48-0; H, 7-4; N, 80%) 

N-Carbory-pt-valine Anhydride.Thiony! chloride (10 c.c.) and N-carbomethoxy-pt-valine (5 g.) 
were heated at 60° for 10 minutes. The anhydride was precipitated on the addition of light petroleum, 
and crystallised from ethy! acetate-light petroleum in colourless needies (3-4 g.), m. p. 78-79" (Found 
C, 485; H,65, N. 5. C,H ON requires C, 00-4) H. 63; N, o-8% 

a-N-Carbomethoryammmoisobutyric Acid.—-Methy! chloroformate (55 ¢.c.) was added to a stirred, 
cooled solution of «e-aminotsobutyric acid (50 g.) in 2n-sodium hydroxide (550 « After } hour the 
solution was acidified, and the amide collected and recrystallised from water; it (20 g.) had m. p. 158 
160" (Found : C, 45-1; H, 675; N.S 8. C,H,,O.N requires C, 44-7, H, 68; N, &7% 


a- N-Carboryaminoisolutyric Anhydride.——Thionyl chioride (20 ¢.c.) and N-carbomethoxy-«-amimno- 
isobutyric acid (9 g.) were heated together for 1} minutes. The anhydride, precipitated by the addition 
of hght petroleum, crystallised from amy! acetate—light ay im stout needies (6 g.), m. p. 100" 


(Found: C, 46-7, H, 555; N, 10-8. C,H,O,N requires 465; H, &4; N, 10-0%) 


N-Carbomethory-DU-norleucine.—-DL-Norleucine (13 ¢.) in n-sodium hydroxide (100 ¢.c.) was treated 
with methy! chioroformate (9 c.c_) and 6% sodium carbonate solution (100 ¢.c.) at 0 After 3 hours, 
the anmude (17 g.) was isolated as usual; recrystallised from carbon tetrachloride it had m. p. 64° (Found 
C, 51-1; H, 80; N76. C,H,,O.N requires C, 50-8; H, 796; N, 74% 


N-Carbory-Di-norleuctne Anhydride._Phosphorus pentachloride (17-5 g.) was added to carbo- 
methoxy-pi-norleucine (9-6 ¢.) in benzene (0 cx After 3 hours at 60° the solvent was distilled off, and 
the residue extracted with light petroleum, the antydride crystallised in low yield from the light 
petroleum extracts, and after purification by recrystallisatoon from carbon tetrachloride had m. p. 84 
86° (decomp.) (Found: C, 53-9; H, 7-4; N, 89. C,H,,O,N requires C, 53-56; H, 740; N, 80%) 


N-Carbory-N-Methyl-pi-alanine Anhydride.—Methy! chioroformate (25 ¢ c.) was added to a stirred, 
cooled solution of N-methy!-pt-alanine (28 g.) in 15% aqueous sodium hydrogen carbonate (380 cc.) 
After 3 hours, the solution was acidified and evaporated. The oily amide was isolated with ether, 
treated with thiony! chloride (25 ¢.c.), and heated at 40° for 10 minutes. The anhydride was precipitated 
with light petroleum and recrystallised from benzene (yield, 13-7 g.). After sublimation tw vacwo it had 
m. p. 75-76", unchanged by recrystallisation from carbon tetrachloride (Pound: C, 463; H, 52; 
N, foe. C,H,O,N requires C, 46-5; H, 5-4; N, 10-85%). 


N-Carbory-N-methyl-pi-phenylalanine Anhydride.—Methy!| chioroformate (1-5 c.c.) was added to a 
cooled solution of N-methy!-pt_-phenylalanine (3-3 g.) in 6-5n-sodium hydroxide (36 ¢.c.) containing 
sodium hydrogen carbonate (1-6¢.). The solution was then warmed, further sodium hydrogen carbonate 
(1-5 g.) and methy! chloroformate (1-4 c.c.) were added, and stirring was continued unti! the solution 
became clear. After acidification the oily amide (3-7 g.) was isolated with chloroform. This amide was 
treated with thionyl chloride as usual; the N-carboxyamino-acid anhydride crystallised from carbon 

9a 
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tetrachloride or benzene-cyclohexane in feathery acedies, m. p. 104-105" (Found: C, 643; H, 54; 
N69. C,,H,.ON requires C, 64-4, H, 54; N, 68%) 

N-B -N<arbosy-m-alanine Anhydride.—-Methy! chioroformate (7 ¢.c.) was added to a cooled 
solution N-benzyl-pt-alanine (9 g.) in 6% sodium hydroxide solution (100 c.c.) and shaken for 
5 minutes. The mixture was « i and oily amide (7-6 g.) isolated with ether, treated with 
thionyl! chloride (8 c.c.}, and heated at 50° for 20 minutes. After removal of excess of thionyl! chionde 
the residue was triturated with light petroleum, and the amAydride twice recrystallised from ethy! acetate 
eyelohexane; it had m. p. @0-— 61" (45 g.) (Found: C, 640; H, 55; N, 70. Cy,H,,0,N requires 
C, 644; H, 54, N, 68%). 


N-Carbory-vt-isoleucine Anhydride. The crude oily N<arbomethoxy-pt-tsoleucine (15 g.), prepared 
in the same way as N -carbomethoay-pt-norleucine, was treated with thiony! chloride (15 ¢.c.) and boiled 
for 10 minutes. After removal of excess of thiony! chloride, the residue, triturated under light petrcioum 
and then recrystallised from carbon tetrachloride, had 76—-72° (8-5 ¢.) (Found: C, 53-8; H, 7-2; N, 8-8 
C,H, ON requires C, 53-6, H, 7-0; N, & 0%) 


Glycine Dimethylamide.—N -Carboxyylycine anhydride (Go and Tani, Bull. Chem. Soc. Japan, 1939 
14, 610) was dex omposed with excess of dimethylamine and, next morning, excess of dimethylamine was 
removed and the residue distilled. The dimethylamide, b. p. 0° /0-8 mm., had equivalent weight 103 
(calc. 102) and was converted into the picrate which, after recrystallisation from ethanol, had m. p. 190° 
(Pound: C, 363; H, 41. C,,H.O.N, requires C, 363; H, 3-0%). 

nt-Alanine Dimethylamide.—N Carboxy-pt-alanine anhydride (2 g.) was added to dimethylamine 
(25 ¢.c.) and, next morning, excess of dimethylamine was removed and the residae distilled at 1mm. The 
distillate was converted into pt-alanine dimethylamuide picrate, which after recrystallisation trom ethanol 
had m. p. 204-206" (Preudenberg and Nikolai, Annalen, 1934, 610, 223, give m. p. 203-204") (Found 
C, 38-6, H, 47; N, 196, Cale. for C,,H,,O,N,: C, 38-3; H, 435; N, 20-3%). 


pt-Phenylalanine Dimethylamide.—N -Carboxy-pt-phenylalanine anhydride (1-5 g.) was added to 
dimethylamine (25 c.c ) and the excess of dimethylamine allowed to evaporate. The dimethylamide was 
distilied at 120°/0-1 mm. (Pound: equiv, 190. Calc. for C,,H,,ON,: equiv., 192 The Picrate, after 
reerystallisation from ethanol, had m. p. 225° (Pound ro 48-45; H, 475; N, 167. C,,H,O,N, 
requires ©, 486. H, 4&4; N, 166%, 

Poly-pt-alanine Dimethylamide —-Freshly re-sublimed N-carboxy-pt-alanine anhydride (0-717 2 
was added to 0-011N-sarcosine dimethylamide in nitrobenzene (4 c« After 3 days the polymer was 
precipitated with ether and dried at 70°, a quantitative yield of a waxy solid was obtained (Found 
C, 407, H, 715, C,H.ON requires C, 50-8, H, 7-:059%). The molecular weight was estimated by 
extracting the polymer (0-4 g.) with 50%, aqueous lithiam bromide (50 « « the filtered solution had 
total N (Kjeldahl) 0-017 mg ‘cc. and amino-N (van Slyke) 06-0091 mg. ‘c.« Thus the fraction (about 
half) of the polymer which dissolved had an average molecular weight of 7100. The quantities of 
anhydride and sarcosine dimethylamide used should give a polymer of average molecular weight 10,070 


The polymers described in the annexed table were prepared by the above general method 
Elementary analyses of these polypeptides were frequently unsatisfactory 


Pound, % Calculated, % 


es A 
Polymer ) , H N ; : Solubility. 
t-Lewetne ’ %1 : Trichloroacetic acid 
pt- Valine { o1 q 
ot- Phenylalanine : 2: 64 : 35 5 m-Cresol 
@- Aminotsobutyrie acid b re p m-Cresol 
pe-phenylalanine, 1 1 
e Aminotsobutyric acid 57 § f 75 5-3 Formic acid, m-cresol 
pi-valine, 1: 1 
Glycine- ot -phenylalanine 3 > ‘ h Trichloroacetic acid 
et 


m.-Valine- ot -phenylal 
anine, 1:1 
i-Leucine-pt-phenylal 7 ? Benzene, m-cresol 
anine 1 trichloroacetic acid 
y- Methy! .-glutamate : 
giveine, 4 
y- Methyl-t-ghutamate—pt- > : m-Cresol, formic acid, 
phenylalanine, 1. 1 trichloroacetic acid 


* (M),/(X), is the ratio of the initial concentration of N-carboxy-anhydride to that of the dimethy!- 
amide 


a Carbory-8 phenvipropmonhydrosamic Acid.—Ethy! benzylmalonate (60-4 g.) was added to 0-8IN- 
ethanolic potassium hydroxide (300 cc.) and the solution kept overmght. The solution of the potassium 
salt of the half ester was treated with ethanolic hydroxylamine (from hydroxylamine hydrochloride 
(14 @.)), and after several days at 0” the potassium salt (42-4 ¢.) was collected. This potassium salt (10 ¢.) 
in water (20 c.c.) was acidified and the solution evaporated to dryness. The residue was extracted with 
acetone-ether, the solution filtered, and the titrate evaporated. On trituration under light petroleum, 
the material crystallised, and after being washed with «hloroform the Aydrosamic acid (1 ¢.) crystallised 
from ethy! acetate in needles, m. p. 150° (decomp.) (Found: C, 574: H, 54; N, 65. C,,H,,O.N 
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angnine C, 57-4; H,&3; N,@7%). This substance gave the usual deep red colour with ferric chloride 
solution. 

O-Benzoate.—-Benzoy! chloride (2-15 c.c.) was added to the hydroxamic acid (2-1 g.) in acetic acid 
(18 c.c.) and aqueous sodium acetate (18 c¢.c.). After being shaken for 4 hours the solution was diluted 
and acidified and the solid collected. After extraction with hot hight petroleum, the ON -diacy/avdrory!l- 
amine was recrystallised from toluene; it had m. p. 145-—146° (decomp) (06 ¢) (Found: C, 64-7; 
H, 49; N, 45. C,,H,,O\N requires C, 65-2; H, #8; N, 45%) 

Block Co-polymer from N-Carborysarcomne Anhydride and N-Carbory-pi-phenyialanine Anhydride — 
N-Carboxysarcosine anhydride (2:3 g., 0-02 mol.) was added to a 0-01 n-solution of sarcosine dimethy!- 
amide in nitrobenzene (20 cc.) and the mixture left overnight in a sealed evacuated flask with 
a& manometer attached. The carbon dioxide evolution having ceased, N-carboxy-pi-phenylalanine 
anhydride (0-191 g., 0-001 mol.) was added, and the apparatus evacuated again and kept until the carbon 
dioxide evolution had ceased. The polymer was precipitated with light petroleum and washed with hot 
ethyl acetate (yield, 1-55 ¢.). It was dissolved in water and extracted with hght petroleum to remove 
any residual nitrobenzene; aliquots of this solution were analysed for total nitrogen (Found 
4-37 mg.jc.c.), amino-nitrogen (Found: 00175 mg.j/c.c.), and dimethylamide-nitrogen (Found 
0-047 mg./c.c.). Thos the values of the ratios dimethylamide-nitrogen total nitrogen and amino- 
nitrogen ‘total nitrogen are 06-0108 and 0-004 respectively. The low value of the latter ratio shows that 
N-carboxy-pt-phenylalanine anhydride reacts faster with amino-groups than with methylamino- 
groups 


Researcn Laporatory, Meeses. Courtauitps, Lrp., 
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By Linpsay H. Bricos, W. E. Harvey, R. H. Locker, W. A. McGutiveay, and 
R. N. Serve. 


The formulation of solasodine as a carbinol-amine proposed in Part II (/., 1942, 3) has been 
revised. It has now been shown that solasodine contains a secondary amino-group and an ether 
linkage, besides the hydroxy! group at C,,. The ether linkage is intimately associated with the 
nitrogen atom and evidence is eced for the presence in solasodine of a novel spirodihetero- 
cyclic system derived from a carbinol-amine. The new formula proposed for solasodine 
makes it the nitrogen analogue of diosgenin. 


In Part IT (J., 1942, 3), formula (I) was suggested for solasodine, this being the ammonium 
hydroxide form of a carbinol-amine. The skeletal structure was based on two assumptions, 
first, that the carbon skeleton is the same as in cholesterol and, secondly, that the heterocyclic 
ring structure has only one point of attachment to the steroid ring system. There is still no 
exception to the fact that steroids of known structure containing 27 carbon atoms all have the 
same carbon skeleton as cholesterol and, presumably, this is still the case with solasodine. If 


(11) 


the second assumption is correct, there is no alternative structure for the heterocyclic ring system 
to that proposed. If, however, there is more than one point of attachment of the heterocyclic 
ring system to the steroid nucleus then a number of possibilities exist for solanidine, including 
(II), of which we regarded solasodine as the carbinol-amine derivative (McGillivray, Thesis, 
University of New Zealand, 1941). Craig and Jacobs (J. Brol. Chem., 1041, 141, 253) suggested 
that the same heterocyclic ring system was present in the Veratrum alkaloid, cevine, following 
their isolation of 2-ethy!-5-methylpyridine as one of the products of selenium dehydrogenation 
(idem, ibid., 1937, 120, 447). Later Prelog and Szpilfogel (Hele. Chim. Acta, 1942, 25, 1306) and 
Craig and Jacobs (Science, 1943, 97, 122) isolated the same base by dehydrogenation of solanidine. 
The former authors confirmed its structure by synthesis and proposed formula (I1) for solanidine. 
This structure has since been elegantly confirmed by the partial synthesis of a solanidine 
derivative, allosolanidan-33-ol, from sarsasapogenin by Uble and Jacobs (J. Biol. Chem., 1945, 
160, 243). 

From the selenium dehydrogenation of solasodine, Rochelmeyer (Arch. Pharm., 1937, 275, 
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336) isolated a picrate, m. p. 140--142°, which agrees with that from 2-ethy!-5-methyl pyridine. 
We have isolated the same base by dehydrogenation of a bydrolytic product of solmargine, a 
new alkaloid from Solanum marginatum, which we have proved to be a derivative of solasodine 
(forthcoming communication), and confirmed its identity by direct comparison of the picrate 
and styphnate with authentic specimens. Since methylcyclopentenophenanthrene was obtained 
from beth solanidine (Soltys and Wallenfels, Ber, 1936, 69, 811) and solasodine (Rochelmeyer, 
Arch, Pharm., 1936, 274, 543) by selenium dehydrogenation, solanidine and solasodine are closely 
related—-in our earlier view, as free base and carbinol-amine respectively, a relationship also 
suggested by Craig and Jacobs (/. Biol. Chem, 1943, 149, 451) 

The constitution of solasodine as a carbinol-amine arose from two facts. Acetylation with 
acetic anhydride in pyridine afforded 2 monoacety! derivative. This is regarded as an O-acety! 
derivative mance it is soluble in dilute acids and, more specifically, the 3-O-acety! derivative, 
as, unlike solasodine itself, it fails to form a digitonide. Since primary and secondary amines are 
normally acetylated more readily than alcoholic groups we concluded that solasedine contained 
neither a primary nor a secondary amino-group. A second C-hydroxy! group was not present 
since vigorous dehydration did not give a triene but afforded only the 3 : 5-diene, arising from 
dehydration at the C,.-hydroxy! group in association with the C.-C... double bond already 
present To accommodate the additional fact that solasodine shows two active hydrogens by 
the Zerewitinofi estimation, the remaining oxygen was combined with the nitrogen as a 
cartinol-amine 

The second fact concerned the reaction of solasodine with nitrous acid. The product 
corresponded to condensation with nitrous acid with elimination of water. We reported that 
ammonia regenerated solasodine, thus eliminating a nitrosamine structure and supporting our 
view that it was an anhydro-salt, typical of carbinol-amines 

The reaction of solasodine with bromine in chloroform solution, the reaction with methyl 
iodide and its behaviour on hydrogenation also tended to support the carbinol-amine structure, 
although it failed to give a methy! or an ethyl ether when crystallised from methyl! or ethyl 
alcohol (cf. Part Il) 

Attempts have now been made to provide a more rigid proof for the carbinol-amine structure 
and to convert solasodine into solanidine 

Some evidence was adduced in favour of the carbinol-amine structure. Solasodine, on 
hydrogenation in the presence of Adams's catalyst, forms dibydrosolasodanol ® (tetrahydro- 
solasodine), which is explicable by saturation of the C,.~C,,, double bond and hydrogenation 
of the carbinol-amine by a type of Emde degradation. On the revised formula for solanidine 
(11), there are two alternative structures for solasodine with the carbinol group at either C,,¢, or 
Cys, (apart from the isomeric quaternary hydroxide form) (cf. Part II, loc. cit). According to 
the first, dihydrosolasodanol may then be formulated as (IIT) 

Dihydrosolasodanol contains three active hydrogen atoms by Zerewitinoff estimation, it 
forms a triacety! deriwative msoluble in dilute acids and a nitrosamine which 1s stable to ammonia 
but is hydrolysed back to dihydrosolasedanol with hydrochloric acid. The action of methyl 
ixhide forms the hydriodide of dihydro-N-methylsolasodanol, converted by ammonia into the 
free base 

Dihydrosolasodanol is also obtained by hydrogenation of solasodanol in the presence of 
Adams's catalyst. The above properties of dihvdrosolasodanol would agree with a formulation 
such as (II! 

Other evidence, however, fails to support the carbinol-amine structure. Solasodine in its 
quaternary ammonium hydroxide form would be expected to undergo a Hofmann degradation 
by the action of heat alone. It was recovered unchanged after being heated for some time at its 
melting point. Its salts, such as the hydrochloride, would be derivatives of the quaternary 
ammoniym hvdroxide form, and could conceivably yield solanidine derivatives on hydro- 
genation (cf. the conversion of cotarnine into hydrocotarnine by Clayson, J., 1949, 2016), 
Solasadine hydrochloride, im glacial acetic acid-alcohol solution, afforded only dihvdro- 
solasodanol on hydrogenation over a platinum oxide catalyst Acid or alkaline reducing agents 
could also conceivably reduce the carbinol-amine to a tertiary amine, solanidine in this case 
Acid reducing agents complicate the issue in that solasodine undergoes dehvdration with methyl- 
aleohole hydrogen chloride and even with dilute aqueous hydrochloric acid during the hydrolvsis 
of solasonine (cf. Rochelmever, Arch. Pharm., 1937, 275, 336, and Part II For this reason, 

* To avoid ambiguity with isomeric hydro-derivatives (cf. the st 
adhere as far as possible to a strict systematic nomen 
sterex hemistry of solasxxtine and its derivatives 


scceeding paper) it 1s necessary to 
ature. We hope to present evidence later on the 
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solasodanol was chosen for the experiments. It was recovered unchanged, however, after 
attempted reduction with zinc and acetic acid, zinc and hydrochioric acid, and sodium amalgam 


Mol 


Se Ng 
HO A, A» A 


(1t1.) av.) vy 


Hydrogenation of solaso-3 : 5-diene with a palladium-charcoal catalyst reduces only the two 
double bonds with the formation of two isomeric compounds, whose isomerism results from the 
differing spatial configuration about C,,,. From the difference in melting points of the isomers, 
the higher-melting formed ts named “ 2 "-solasodan, corresponding possibly to cholestane, and 
the lower-melting form “ § "-solasodan, related to coprostane, with partial formula (IV) and 
(V) respectively. “a "-Solasodan is also unchanged 

on attempted reduction with zinc and hydrochloric 

acid 

As a carbinol-amine, solasodine should yield the 
corresponding C,,,,(or C,..,)-cyano-compound by re 
action with potassium cyanide. Hydrolysis of the 
cyano-compound followed by decarboxylation of the 
resulting carboxylic acid could then yield solanidine, 
although this route for the conversion of strychnine 
into w-strychnine was unsuccessful owing to resistance 
of the cyanostrychnine to hydrolysis (Leuchs, Flam 
mersfeld, and Villain, Ber., 1943, 76, 1065). Solasodine 
reacted with potassium cyanide in glacial acetic acid 
but the product was not the required cyanosolasodine A . + . 4 
since solasodine was regenerated from it by the action 250 WO SO WO 450 500 
of ammonia Wave -length, my 

Finally, solasodine failed to condense with nitro- 1, N-Nétressestacedine 
methane—another reaction typical of carbinol-amines 11, Dihydro-N -aitrosesolasodancl 
(cf. Hope and Robinson, J., 1911, 98, 2114) 

A reverse approach to the problem was then attempted through solanidine. Bailey and 
Robinson (/., 1948, 703) have converted strychnine and brucine into the pseudo(or carbinol- 
amine) -derivatives by the action of potassium chromate on the corresponding N-oxides. After 
treatment of dihydrosolanidine N-oxide, prepared by the action of perbenzoic acid on dihydro- 
solanidine, with potassium chromate, dibydrosolanidine was the only product isolated 
Reduction of the N-oxide with sulphur dioxide also regenerated dihydrosolanidine 

These failures led us to re-examine our original premises for the structure, with Uluminating 
results. As stated previously, solasodine reacts with acetic anhydride-pyridine to form the 
O-acetyl derivative. In a hydroxyl determination, however, with a semi-micro-modification of 
Peterson, Hedberg, and Christensen's method (/nd. Eng. Chem. Anal., 1943, 15, 225), solasodine 
was shown to contain two acetylatable groups. We now find that solasodine reacts with acetic 
anhydride under varving conditions in different ways. Although we have not yet prepared a 
crystalline diacetyl derivative, we have obtained, by the action of acetic anhydride and sodium 
acetate, an amorphous product insoluble in dilute acids, with a 14°1% acetyl content (calculated 
for 2 acetyl groups, 18°2%) 

When solasodine is treated in acetic acid solution with sodium nitrite, the product obtained 
corresponds to the condensation of nitrous acid with elimination of water. We reported in 
Part I] that the action of ammonia on this compound regenerated solasodine, thus eliminating 
a nitrosamine structure and supporting the view that it was the anhydro-salt of nitrous acid in 
keeping with the carbinol-amine structure of solasodine. We have now found that this is 
incorrect and the the pure product is unchanged by the action of aqueous or alcoholic ammonia 
and could therefore be a nitrosamine. Liebermann’s nitroso-reaction is not given by this 
compound and aqueous or alcoholic hydrochloric acid does not regenerate solasodine by 
hydrolysis as expected (cf. dihydro-N -nitrososolasodanol above) but forms an amorphous product, 
m. p. 108—114°, first described by Oddo (Gazzetta, 1911, 41, i, 534), on which we shall report 
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later. The presence of a nitrosamine group, however, is indicated by the fact that Oddo and 
Caronna (Ber., 1936, 69, 283) obtained solasodine and ammonia on reduction of this derivative 
with zinc and acetic acid. The presence of a nitrosamine group is also shown by the ultra- 
violet absorption spectrum which shows two peaks, one of high intensity at 234°5 mu. (log ¢ 3-78) 
and the other at 370 my. (log « 1°98) (see figure). Difeyclohexylmethyl)-N-nitrosamine shows 
similar absorption peaks at 240 mu. (log ¢ 3°9) and 355 mu. (log ¢ 1°95), while 1-nitrosopiperidine 
has peaks at 235 my. (log ¢ 4°25) and 350 muy. (log « 2-0) (Goldberg and Kirchsteiner, Helv. Chim. 
Acta, 1943, 26, 289) 

The presence of both a hydroxy! and a secondary amino-group thus accounts for the two 
active hydrogens in the Zerewitinoff estimation. Since a carbonyl group is not present the 
remaining oxygen must be present as an ether. No methoxyl or ethoxyl group is present but 
there is evidence that the ether linkage is closely associated with the secondary amino-group. 
Solasodine is a considerably weaker base than solanidine and not a stronger base as expected on a 
carbinol-amine formulation. In contrast, dihydrosolasodanol is a much stronger base, stronger 
even than solanidine. Details of these measurements and other related compounds will be 
submitted later. This weakened basicity may explain the formation of an O-acetyl and not an 
N-acetyl! derivative. The reaction of hydrochloric acid with nitrososolasodine is also apparently 
anomalous 


} 4 y, AW 
Ho HO 
(VL) (VIL) (VIL) 


The formation of dibydrosolasodanol by hydrogenation can now be explained by hydro- 
genolysis of the oxide ring. This ready fission, however, in contrast with the difficulty of 
opening a polymethylene oxide ring such as that of tetrahydrofuran (cf. Owen, Ann. Rep., 1945, 
42, 171), again emphasises the association of the ether linkage with the nitrogen atom. For 
these reasons, we suggest that both the ether and the secondary amino-group are attached to the 
same carbon atom. To accommodate the formation of 2-ethy!l-5-methylpyridine on selenium 
dehydrogenation we retain the six-membered heterocyclic ring of solanidine. On both stereo- 
chemical! and phytochemical grounds the ether linkage can then best be placed between C,,,, and 
Crp, leading to the formulation of solasodine as (VI) or (VII), which is thus the nitrogen analogue 
of diosgenin (VIII). Our revised formulation for solasonine (IX), including the above structure 


CH,OH 


Ho | 6 


Ys 


OH OH 


o | 7,0 


for solasodine and the mode of linkages in the trisaccharide moiety (forthcoming communication) 
was submitted to Mr. J. Murray in December, 1949, and pubiished by him in a review of plant 
products of New Zealand (/. New Zealand Inst. Chem., 1950, 14, 48) 

On this new formulation, no modification of the structure of dihydrosolasodanol is necessary 
but its description as a chano-compound is now incorrect. The alternative name, dihydrochano- 
solasodanol should, therefore, be discontinued. The ready reductive fission of the oxide ring 
by catalytic hydrogenation and by lithium aluminium hydride (succeeding paper) is comparable 
with analogous reactions in the sapogenin series. Catalytic hydrogenation of sarsasapogenin 
or tscsarsasapogenin in an acidic medium with a platinum catalyst yields dihydrosarsasapogenin, 
whereas both oxide rings are simultaneously opened by Ciemmmensen reduction with the formation 
of tetrahydrosarsasapogenin (Marker and Rohrmann, /. Amer. Chem. Soc., 1939, 61, 943) 
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A sumilar spwodiheterocyclic system is included in one of several possible structures proposed 
by Jacobs and Huebmer (/. Biol. Chem., 1947, 170, 635) for the Veratrum alkaloid, jervine. 
Little supporting evidence is given for the association of the ether linkage with the secondary 
amino-group, and Fieser and Fieser (““ Natural Products Related to Phenanthrene,” Reinhold 
Publ. Corp., 3rd Edn., p. 605) prefer a variant of that proposed by Jacobs and Huebner. Jervine, 
however, readily forms an N-acetyl derivative in marked contrast with the behaviour 
of solasodine. 

The different stereochemical configuration about C,,,, leads to the isomers (V1) and (VII) 
similar to the normal and iso-members of the sapogenin series. We suggest now that solasodine 
may be represented by one of these, and that solauricidine, a very closely allied isomer (cf 
Parts III and IV, J., 1942, 12, 17), is represented by the other. In further attempts to obtain 
solauricidine from Solanwm auriculatum we have been able to isolate only solasodine (cf. Part I11), 
possibly owing to isomerisation of solauricidine to solasodine during the process. For this 
reason solauricidine is perhaps represented by (VII), corresponding to the normal members of 
the sapogenin series, and solasodine by (V1), corresponding to the tso-series of the sapogenins 
In this case, the formula (1X) given for solasonine may be that of solauricine. This possibility is 
now being explored 

It is not yet possible to correlate the stereochemical configuration of solasodine with that of 
cholesterol by the method of molecular-rotation differences developed by Barton (/., 1049, 2596, 
and earlier papers). At the moment, there are too many discrepancies in the reported rotations 
but we hope to report on this phase later 

It is possible that this spirodiheterocyclic system 1s also present in other alkaloids. Besides 
the Veratrum alkaloid jervine mentioned above, solanocapsine, peimine, and peminine deserve 
consideration. Solanocapsine (Barger and Fraenkel-Conrat, /., 1936, 1536), from Solanwm 
pseudocapsium, contains both a secondary amino-group and an ether linkage, similarly to 
solasodine. 

Peimine and peiminine from Frifillaria roylei (Chou, Chinese ]. Physiol., 1932, 6, 265; Chi, 
Kao, and Chang, /. Amer. Chem. Soc., 1936, 58, 1306; 1040, 62, 2806; Chou and Chu, sid, 
1941, 63, 2036; Wau, ibid, 1944, 66, 1778) are two steroid alkaloids shown by Chu and Chou 
(ibid., 1947, 69, 1257) to be interconvertible by oxidation and reduction respectively, owing to 
the presence in the respective bases of an alcoholic and a carbonyl group. Formula, C,,H,,O,N 
and C,,H,,O,N, have been suggested for these bases but, on phytochemical grounds, these, as 
well as those of solanocapsine and solanocapsidine previously regarded as C,, alkaloids, are more 
probably C,, compounds. Peimine contains two alcoholic groups, leaving a nitrogen and an 
oxygen atom unaccounted for. On a C,,H,,O,N basis, peimine could therefore be a hydroxy- 
solasodine derivative. 

A possible mode of phytosynthesis of solasodine could be through kryptogenin (X). When 

the C,,¢-carbonyl group is converted into a secondary 

\Me alcohol, condensation to diosgenin (VIII) may occur under 
a the influence of mineral or strong organic acids (Marker ef al., 

aw) HOCH, 7 Amer. Chem. Soc, 1947, 69, 2167; Kaufmann and 

a Rosenkranz, ibid., 1948, 70, 3502). After replacement of the 

/ ; Cao-bydroxy! group by an amino-group and reduction of the 

HO (X.) C\,@°carbonyl group as before, condensation could be 

similarly expected with the formation of solasodine. In this 
connection it is interesting to observe that tigogenin has been isolated from Solanum dulcamara 
(Marker et al., sbid., 1943, 65, 1199). 

The pharmacological properties of compounds in this series will be reported elsewhere. It 
has already been shown (Krayer and Briggs, Brit. ]. Pharmacol., 1950, 6, 118) that some members 
of this series have a selective antagonistic action to the cardioaccelerator effect of sympatho- 
mimetic amines. 

Since this paper was written we have been informed by Dr. T. D. Fontaine, United States 
Department of Agriculture, that experiments in his laboratory show that tomatidine, the 
aglycone of tomatine extracted from tomato leaves, is probably identical with solasodanol and 
that, independently, they have proposed the same formula for solasodanol as that derived from 


our revised formula for solasodine 


Me a 
a “ 


EXPERIMENTAL. 


Punfication of Solasodine.—Crude solasonine, obtained as described in Part II, readily blackens on 
exposure to air, and a colourless prodact is then often difficult to obtain by normal methods. The 
precipitate which first forms on passage of ammonia into a solution of crude solasonine in 2% acetic acid 
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contains a greater quantity of the black material. If this is filtered off, the remainder of the solasonine 
can be oltained in 4 much purer form. A second method resulted from the tact that solasonine is more 
soluble wn cold than in hot very dilate acetuc acid. The alkaloid was dissolved in the minimum amount 
of cold 1% acetic acid and heated slowly. At about 50” a solid separated. By filtering off the product 
separating at each UW’ -rise of temperature most of the colour could be removed in these fractions, and the 
bulk of the solasonine then recovered trom the boiling solutson io a greatly improved condition by passage 
of ammonia he best method, however, is to proceed directly to the hydrolysis with 23% hydro- 
chioric acid, the insoluble solasadine hydrochloride separating in a crystalline although stil) very dark 
comdition Hot alcohol will then remove most of the coloured impurity, and crystallisation of the 
hydrochloride from aqueous alcohol with charcoal readily gives a colourless product from which 
solasxione may be obtained as described 


Solasxiine perchlorate, prepared in methyl! alcoholic solution, crystallised from methyl alcohol in long, 
rectangular plates, m. p. 262---2646° (decomp 


Determination of Acetylatable Groups in Solasodine.—This was carried out by a semi-micro-modification 
of that deseribed by Peterson, Hedberg, and Christensen (/ad. Eng. Chem. Anal, 1943, 15, 225 
Solawadine (24-6 mg.) was allowed to react at room temperature for 60 hours in a sealed tube with acetu 
anhydride (465 mg) and pyridine (Found acetylatable groups (as OH) per mol, 2-05 In a second 
experiment with solasxiine (42-2 mg.) and acetx anhydride (73:3 mg.) the mixture was first allowed to 
react at room temperatare for 60 hours and then heated for 2 hours at 100° (Found : acetylatable groups 
as O1) per mol. 215 In a control expermment, cholesterol (37-8 mg ) and acetic anhydride (42-3 mg 
were allowed to react as in the first case and gave 1-02 hydroxy! groups per mol 

feetylatiom of Solasodeme A mixture of solasodine (480 mg.), fused sodium acetate (800 mg.) and 
acetic anhydride (5 cc.) was heated for 16 hours at 100° and finally to boiling. The cooled mixture was 
poured into 20%, sadium acetate solution (30 ¢.c.) and the oil separating triturated with water until solid, 
Attemots to cryetailiee the diacetate were ansuccessfa! After distillation at 002 mm. (bath-temp 
164... 160") it formed a glassy solid, mp. 7%— 86°, insoluble in dilute acids Found : Ac, 14-1 C,,H,,O,N 
oe 


requires 2Ac, 18 2% 


Action of Hydrogen € yanide on Solasodine Potassium cyanide (480 mg., 6 mols.) in water (0-5 c« 
was added to a solutwm of solasedme (400 meg.) in alcohol (5 c.c.) and glacial acetic acid (0-5 c.c.) A 
precipitate formed immediately, which dissolved when the mixture was heated. After the whole had been 


heated unmler retux for 10 minutes crystaliie material separated on couling Recrystallisation from 


80%, alcohol containing a little bydrocyanic acid, which appears to be essential, afforded hexagonal 
plates, m P 224° (decomp F ounce loss of wt. at 100° /high vacuum/P,O, 66; C, 71-3,607: H, 10-45 
1O0*% No satisfactory formula can vet be given to this substance When an alcoholic solution of this 
substance is treated with concentrated aqueous ammonia at 100° for 1 hour, solasodine is regenerated 
having m p. and mixed m. p. 198..200-5° (picrate, mp. and mixed m. p. 142 

absorption spectrom of this compound was measured tn alcoholic solution 
at different dilutions > ~ D000), using a Beckman spectrophotometer, model D.U., and is 
given in the fi 


Dihvdros ‘ i f dan Solasodanol (Part 11) forms a picrate, crystallising from alcohol 
in fine yellow dj 5 142° (decomp.), a Perchlorate, crystallising from aqueous alcoho! in 
ties, mp ? and: C, 622, H,@1. C,H ON HCIO, requires C, 62-8; H, 90%) 
Nev iw slasxtanol (123 me., | mol.) when sodium nitrite (135 mg., 7 mols 

in wat I s added to it r cok ition in alcoho! c.) and glacia! acetic acid (0-19 ¢.c., 11 mols). 
It crvetalliives from methy! yw! i ile ' 2”. which, like N-nitrososolasedine, do not give a 
positive reaction in Liebermann’s fr ! ion (Found: 73:3; H, 10-2. C,,H O,N, requires C, 72-9; 
H, 100% 


nee 


{ solasxlane! (200 me.) in aleoho!l (150 « ul glacial acetic acid (30 cx was 

$5 ibs. pressure in the presence of platinum oxide (200 m ¢ 24 hours The filtered 

ocentrated in a vacuun luted with water, and made al ine with ammonia The 

1) im after repeated crystalinsation from aqueous hol, had n 1d Mikted M. p. with 

hyde se «lan 250 201 High dilution is apparently nex : , is Preparation as in a 

similar experiment with only glac acetic acid as solvent fm 2 hydrogenation was 
incomplete and a considerable amoun f unchanged solasodanol was recovered 

Dthvde | 4 tive in a determination of active hydrogen by the Zerewitinoff method 

4 me. of dihydrosolasadanol, previously dried for one hour in a 

ved 13-15 of methane at 25°/770 mm., corresponding 

hydrogen per m 


om the reactants in hot aqueous alcoholic solution separated 
from its cold alcool " na i n of water in 6 yellow needles, m. p. 140° (decomp.) 


Triacetyldihvdrosolasodan solution of dihydrosolasodanol (133 mg.) in acetic anhydride (1-5 c.c.) 
.| 


contaming 60°, perchloric acid (1 drop) was kept overnight at room temperature The oil separating 
when the mixture was poured into water, solidified on trituration with aqueous acetone and, after 
repeated crystallisation from 80% alcohol, the treacety! derivative formed rods, m. p. 153-154" (Found 

C. 73-2 Ho. ‘ wi ON requires C, 72-9 H 9a 


Th Avdro. N ntl ssodanol T an ice-cold solution of dihvdrosolasedanol (200 mg.) in glacial 
acetic acid (10 cc.) a strong aqueous solution of sxtium nitrite was added until precipitation was complete 
The stfrosamune, after repeated crystallisation from alcohol and aqueous alcohol, separated in colourless, 
short needles, m. p. 254-—: decomp.) (Found 72:3, H, lot; N, 64. C,,H,.O.N, uires C, 
72 H, 10-3, N, 63% The absorption spectrum, measured in alcoholic solution at different dilutions 
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(ca. «/1000-—m /3000) and illustrated im the figure, exhibits peaks at 238-2 my. (log ¢ 3-74) and 352.5 
My. (log « 1-87) 

The nitroso-derivative was recovered unchanged after being heated with concentrated aqueous 
ammonia at 100° for Lhour. It underwent hydrolysis, however, in acid solution. A solution of dibydro- 
nitrososolasedanol (20 mg.) in alcohol (10 c.c.) containing a few drops of concentrated hydrochloric acid 
was kept for 24 hours at room temperature. Excess of ammonia was then added and the mixture heated 
at 100° for 4 hour. The precipitated material, on crystallisation from aqueous alcohol, had m. p. and 
muxed m. p. with dihydrosolasodanol, 200-——292° 


Dihydrosolasodanol hydrvodide. A few drops of concentrated aqueous potassium iodide were added to 
a solution of dihydrosolasodanol (500 mg.) in glacial acetic acid (10 c.c.). A colourless precipitate 
formed immediately but rapidly darkened. After crystallisation from alcohol it formed short needles, 
m. p. 321—322° (slight decomp The iodine content was determined by Liepert’s method (Pregl, 
“ Quantitative Organic Microanalysis,” 1937 Edn., p. 113) modified in this case simply for ionic halogen 
(Pound : I, 23-2,23-7. C,,H,,O,N.HI requires I, 23-25%) 

Dnhydro-N-methylsolasodanal hydriedide. Dibydrosolasodanol (500 mg.), dissolved in dry anisole 
(10 cx was heated with methy! iodide (1 c.c.) at 100° for 5 hours. The product (610 mg.) which 
separated on cooling, after repeated crystallisation from alcohol and 50%, aqueous alcohol, formed 
colouriess, smal] prisms, m 286°. The iodine content was determined as before (Found: C, 
59-8, 50-9; H, 846, 86 22-7, 22-7. C,,HyO,N.HI requires C, 6-1; H, 90; I, 22-7%) 


Dihydro-N-methylsolasedanol. The foregoing 4ydriodide (111 mg.), partly dissolved in methy! alcohol 
(1 c.c.), was treated for | hour at 100° with water (1 ¢.c.) and concentrated aqueous ammonia (Ic¢.c.). The 
product was repeatedly crystallised from methyl! alcohol, forming long hair-like needles, m. p. 275 
(Found: C, 783; H,1bl. C,,H,,O,N requires C, 78-6; H, 11-1% 


‘a”™- and “ 8"'-Solasodan.—Solasodiene (500 mg.), dissolved in glacial acetic acid (15 ¢.c.), was 
hydrogenated with a palladium-<harcoal catalyst (400 mg.) at 43 lbs — for Shours. After removal 
of the catalyst, the volume was reduced to ca. 4c.c. by vacuum-distillation, and the final solution treated 
with excess of ammonia at 100° for 2 hours. The precipitate which formed could be separated by 
fractional! crystallisation from alcohol into two products 


‘a"’-Solasodan crystallised from alcohol in hexagonal plates, m 175-176", fa) ff si* + ¢ 
, 025. ¢, 1-136 in chloroform) (Found: C, 80-905, 81-1; H, 11-3, 11-3 Cy, HON requires C, 81-1; 
H, 11-35%). The picrate, prepared in and crystallised from 80%, alcohol, formed jong, flat plates, m. p 
208 fe omp.) 
8 ''-Solasodan, obtained in smaller yield, crystallised from 80% alcoho! in fine needles, m. p. 132 
134° (Pound: C, 80-35, 810; H, 11-6, 116. C,H YON requires C, 81:1; H, 11-35%) The picrate, 
prepared in and crystallised from 80% alcohol, formed very fine needles, m. p. 198-- 200° (decomp 


a''-Solasodan was recovered unchanged after treatment in 50% alcohol-hydrochloric acid (2x 
with zinc dust at 100° for 9 hours 


Dibvdrosolamidine N -Omide.— A chloroform solution of perbenzoic acid (3-42 ¢.c., equiv. to 1-2 mols 
was added, with shaking, during 5 minutes to an ice-cooled solution of dihydrosolanidine (1 g Sultys, 
Ber., 1933, 66, 762) and the solution kept in the refrigerator for 17 hours The solvent was removed at 
room temperature by passage of a rapid stream of air over the surface and finally in a desiccator The 
residual white solid was shaken with dilute aqueous ammonia before filtration The product could be 
separated by fractional crystallisation, first from acetone and then from 33%, aqueous alcohol, into two 
compounds. The first, corresponding to the N-oride, after repeated crystallisation from aqueous 
alcohol, separated in long colourless plates, m. p. 242-244" (decomp.) (162 mg.). In a further crystal- 
lisation it separated in slender needles (Found + H, 110,N,29. C,,H,,O,N requires C, 78-40; 
H, 16-9; N, 34% 

‘ 


The second, corresponding to a compownd of dihydrosolanidine with hydrogen peroxide, was 
repeatedly crystallised from aqueous alcohol and then formed slender, colourless needies, m. p. 178-5 
179-5" (decomp.) (110 mg.) (Found: C, 74-6; H, 10-8, N36. C,,H,,ON HO, requires C, 74-8; H, 
10-85; N, 32% The decomposition points of beth products were erratic, giving inconsistent values 
on the same sample and varying considerably with the initial bath temperature 


After treatment of an aqueous alcoholic solution of the latter prodact (8 mg.) with concentrated 
aqueous ammonia at 100° for | hour and cooling, colourless needles separated, m. p. 204° (decomp.), but 
there was insufficient material for further examination 


The N-oxide (18 mg.) was dissolved in 50% alcohol (1 c.c.), and a slow stream of sulphur dioxide was 
passed into the solution for § hour. After removal of the sulphur dicaide and most of the alcohol on a 
water-bath, passage of ammonia precipitated a colourless solid which, after crystallisation from acetone, 
formed colourless needles, mp and mixed m. p. with dihydrosolanidine, 216-5—218-5 


Similar reduction of the dihydrosolanidine-hydrogen peroxide compound also afforded dihydro 
solanidine as needles, m. p. and mixed m. p. 217-5—22v 


Solasodine was recovered unchanged by similar treatment 


Attempted Repvangenens of the N-Oxide.—To a solution of dihydrosolanidine N-oxide (150 mg ) in hot 
50%, aqueous dioxan (6 c.c.) was added potassium chromate (5) mg.) dissolved in a few drops of water 
The clear orange sclution rapidly became a turbid orange-brown and solid material separated. After 
1 hour's heating, the solution was cooled and the resulting brown needles were filtered off. Careful 
crystallisation from acetone finally gave colourless needles, m. p. and mixed m. p. with dihydrosolanidine, 
219-5—221-5°. Ina blank experiment, the solution remained a ciear yellow. 
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When the N-oxide was slowly heated at 001 mm., sublimation without melting occurred fairly 
rapidly at 245°. The colourless needles so formed had m. p. 239-240" (decomp.), undepressed by the 
original material 


The analyses are by Dr. Burger and Mr. J. A. Mills of the University of Adelaide, Drs. Weiler and 
Strauss, Oxford, and Dr. T. 5. Ma, Microchemical Laboratory, University of Otago 
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for measurement of the absorption spectra, and to Dr. G. A. Nicholls and Messrs. W. Sprott and P. J. 
Galagher for preparative work. Assistance is also gratefully acknowledged from the Chemical Society, 
the Koyal Society of New Zealand, the Australian and New Zealand Association for the Advancement 
of Science, and the Research Grants Committee of the University of New Zealand for grants, by one of us 
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Avextano University Cottece, AucKLAND, New Zeatanp (Received, July 6th, 1950.) 


590. Solanum Alkaloids, Part VI. Fission of the Oxide Ring of 
Solasodine with Lithium Aluminium Hydride. 


By Lixosay H. Bricos, and R. H. Locker. 


The oxide ring of selasocdine is reductively broken by lithium aluminium hydride with the 
formation of dibydrosolasodencl. Further reduction of the double bond by hydrogenation 
with a palladium <harcoal catalyst affords dihydrosolasodanol 


Tue oxide ring of solasodine (1) (Part V, ]., 1950, 3013) may be opened by hydrogenolysis over 
an active platinum oxide catalyst, the less active palladium-charcoa) catalyst being without 
action. The C,C,¢ double bond of solasodine is hydrogenated at the same time so that 
dihydrosolasedanol (Il) is produced. Palladium-charcoal will, however, catalyse the 
hydrogenation of the double bond with the formation of solasodanol (IIT) 

We have now found that lithium aluminium hydride brings about a ready fission of the oxide 
ring of solaxxline without reducing the double bond The product, C,,H,y,O,N (IV), is isomeric 
with solasedanol, and will be referred to as dihydrosolasodenol. The structure follows from the 
fact that it forms a nitrosamine and a triacety! derivative; it is insoluble in dilute acids, and may 
be converted into dihydrosolasodanol by hydrogenation over a palladium-charcoal catalyst 


wv a” 
‘ ‘N / 
NOH H 


J 


Me 


HO ; (111) HO II.) 


The absorption spectrum of dihydronitrososolasodenol shows peaks at 238 mu. (log ¢ 3°77) and 
352 mu. (log « 1°78), intermediate between the values of 1-nitrosopiperidine, 235 mu. (log « 4°25) 
and 350 mu. (log ¢ 2°0) and di(eyclohexylmethy!)-N-nitrosamine, 240 mu. (log ¢ 3°9) and 355 my 
(log « 105) 

Solasodine hydrochlonde also reacts with lithium aluminium hydride in dry ether to give 
dibydrosolasedenol, but in poorer yield. If solasedine had a carbinol-amine structure (cf 
Part Il, /., 1942, 3, and Part V, loc. cit.), the hydrochloride should be the anhydro-salt of the 
quaternary ammonium hydroxide form. By analogy with the reduction of berberine sulphate 
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to dihydroanhydroberberine (Schmid and Karrer, Helv. Chim. Acta, 1949, 82, 960), solasodine 
hydrochloride should have yielded solanidine. The fact that it yields dihydrosolasodenol is 
additional evidence for the revised formula (I) of solasodine. The opening of the oxide ring of 
solasodine by this method is paralleled by the ready fission of the oxide rings of sapogenins, the 
six-membered ring opening on catalytic hydrogenation in an acidic medium and both rings on 
Clemmensen reduction (Marker and Rohrmann, ]. Amer. Chem. Soc., 1939, 61, 043). 


EXPERIMENTAL. 


Dihydrosolasodenol.—A mixture of dried solasodine (3 ¢.) and lithium aluminium hydride (1-5 g.) in 
dry ether (130 cc.) was heated under reflux for 44 hours with exclusion of mousture and then poured into 
water. The resultant precipitate consisted of finely divided alumina and organic matter. After removal 
of the ether, the mixture was shaken with filter-paper pulp and filtered. The dried filtercake was 
shredded and extracted with alcohol in a Soxhlet apparatus. On cooling of the concentrated extract, 
colourless prisms were obtained. Kecrystallisation of this material and that obtained by further 
concentration afforded dsAydrosolasodenal (2-3 ¢.), m 260.264" (Found: C, 77-6; H, 108; N, 346 
Cy,Hg,O,N requires C, 78-1; H, 10-8; N, 3-4%) Reduction of solasodine hydrochlonde under similar 
conditions afforded the same product in smaller yield 


Triacetyidihydrosciasodencl. Dihydrosolasodencl (150 mg.) was heated under reflux with acetic 
anhydride (2 ¢.c.) and pyridine (0-5 c.c.) for 2 hours. The solution was poured into water, made alkaline 
by passage of ammonia, and set aside in the refrigerator. Kepeated 
crystallisation, from 50°, alcohol, of the precipitate which formed Absorption spectrum of dihydro- 
gave colourless, rectangular plates, m. p. 169-5-—-170-5° (Found: C, N-nutrososolasodemol 
729; H,95;N,24. C,H,.O.N requiresC, 73-2; H, 9-5; N, 26%) 
The ftriacetyl derivative is msoluble in 10%, acetic acid in which 
dihydrosolasodenol is freely soluble 


N-Nitroso-derivative. When a solution of sodium nitrite (25 
mg.) in water (1 c.c.) was added dropwise to an ice-cool solution of 
dihydrosolasodenol (200 mg.) in glacial acetic acid (10 c.c.), a pre 
cipitate formed at each drop but dissolved on shaking. Only after 
the addition of further sodium nitrite (ca. 1 g. in 2-5 ¢.c.) did a 
permanent turbidity occur. After the addition of more water (20 
c.c.), the mixture was set aside in the refrigerator. The white solid 
nitvoso-compound (238 mg.) which formed crystallised from aqueous 
dioxan in colourless pointed prisms, m. p. 250-251° (decomp.) 
(Found; C, 73-1; H, 10-2. C,,H,O,N, requires C, 73-0; H, 10-0%) 


\ 

J 

: 
The absorption spectrum measured in ca. s /5000-alcoholic solution in ‘ 
a Beckman spectrophotometer, Mode! D.U., is given in the figure \ 








Although N-nitrososolasodine does not give the Liebermann Y NTP? 
reaction both N-nitrososolasodanol and dihydro- -nitrososolaso- , #4 fey 
denol give a positive test meen, mys 


Hydrogenation of Dikydrosolasodenol.—-A solution of dihydrosolasodenol (150 mg.) in glacial acetic 
acid (3 c.c.) was hydrogenated at 45 lbs. pressure for 6 hours in the presence of palladium-charcoal 
(150 mg The filtered solution was concentrated, diluted with water, and made alkaline by passage of 
ammonia. The gelatinous precipitate thus produced, after three crystallisations from alcohol, ated 
in colourless, rhombic prisms, m. p. 288-—291°, undepressed by a sample of dihydrosolasodanol, m. p. 
290—204°, of the same crystalline form 


The analyses are by Drs, Weiler and Strauss, Oxford, and Dr. T. S. Ma, Microchemical Laboratory, 
University of Otago 


We are indebted to Mr. R. M. L. Paterson for measurement of absorption spectra, and to the Chemical 
Society, the Australian and New Zealand Association for the Advancement of Science, the Royal Society 
of New Zealand, and the Research Grants Committee of the University of New Zealand for grants, and 
one of us (R. H. L.) for a Research Scholarship 


AUCKLAND University Co_tece, AUCKLAND, New ZEALAND, [ Received, July Gh, 1950.) 
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591. The Enzymic Synthesis and Degradation of Starch. Part VIII. 
The Use of Mixtures of P- and Q-Enzymes in the Synthesis of Starch- 
type Polysaccharides. 


By S. A. Bankes, E. J. Bouxnez, S. Pear, and 1. A. Witkiyson 


Different mixtures of stock samples of the P- and ©-enzymes of the potato have been used to 
catalyse the synthesis of starch-type polysaccharides from glucose-| phosphate The properties 
of the polysaccharide products have been shown to be related to the relative proportwms of the 
two enzymes. When a large excess of P-cnzyme was employed amylose was produced. A 
large excess of ©-enzyme gave rise to amylopectin The polysaccharides syntheused by other 
mixtures of P- and Q-enzymes appeared to have molecular structures intermediate between 
those of amylose and amylopectin 


It was suggested in Part I of this series (Bourne and Peat, ]., 1945, 877) that the 
relative proportion of the linear and branched components in a starch polysaccharide synthesised 
from glucose-1 phosphate by the joint action of phosphorylase (P-enzyme) and the branching 
factor (()-enzyme) may be controlled by the ratio of the amounts of the two enzymes employed 
Thus an enzyme mixture rich in P-enzyme was expected to give mse to a polysaccharide which 
was predominantly amylose, whereas a larger proportion of Q-enzyme was believed to favour 
the formation of amylopectin. By using mixtures of P- and Q-enzymes containing increasing 
proportions of the latter, it has in fact been possible to synthesise a number of polysaccharides 
with properties ranging from those of natural amylose to those of amylopectin. The scale of 
the work was sufhciently large to enable the polysaccharide products to be isolated, purified, 
and characterised by the methods detailed in our earlier communications 

It was important that only one sample of each enzyme should be employed for the syntheses, 
a limitation necessitating the isolation of P- and Q-enzymes in stable form so that the requisite 
stocks could be accumulated. Appropriate methods for the preparation and purification of the 
enzymes were developed and are described in Part VI (J., 1950, 84) 

Alter a series of preliminary tests designed to reveal the P/Q ratios best suited for 
the synthesis, from glucose-1] phosphate, of a well-distributed range of polysaccharides, five 
digests, having the compositions shown in Table III, were incubated at pH 7'1 and 25°, these 
conditions being imposed by the requirements of the more sensitive enzyme, namely Q-enzyme 
(Part IV, /., 1949, 1705 In view of the fact that the chain-length of a polysaccharide 
synthesised by P-enzyme alone is influenced by the ratio of primer chains to glucose-1] phosphate 
molecules (Sumner, Somers, and Sisler, /. Biol. Chem., 1944, 152, 479), the only ingredient of 
the five digests which was varied in amount was active Q-enzyme. The overall quantity of 
(-enzyme solution was kept the same in each digest, variation in the amount of active enzyme 
being attained by mixing appropriate volumes of active and heat-inactivated Q-enzyme 
solutions. No carbohydrate primer was added; sufficient was already present (probably 
introduced with the glucose-1l phosphate) to initiate the reaction 

If the digests had been allowed to reach equilibrium it is probable that the only soluble 
polysaccharide produced would have been amylopectin, for the phosphate-independent action of 
()-enzyme would have continued even after the establishment of the mineral phosphate—glucose- 
phosphate equilibrium by P-enzyme. Digestion was arrested therefore in each case when 


approximately 72°, of the ester-phosphate had been converted into mineral phosphate, 1.¢., 


shortly before phosphate equilibrium (75°5% conversion at pH 7:0; Hanes, Proc. Roy. Soc., 
B, 1040, 129, 174) was reached As the proportion of active Q-enzyme was increased, the speed 
of the phosphate conversion al increased (Table IV Thus, although the Q-enzyme 
preparation itself possessed negligible P-enzyme activity, it accelerated P-enzyme action by an 
autocatalytic effect (Part V1). which is shown also by Cori's branching factor |. Biol. Chem., 


1043, 151. 57 This marked autocataly sis can scarcely be attributed to the hvdrolvsing activity 


of amylase impurities in the O-enzyme sample inasmuch as none of the digests showed a final 
= 
7 


reducing power (Rf...) exceeding 2 in terms conversion into maltose (Table IV) 
broom each of the first three digests the synthetic polysaccharide was obtained in two fractions, 
a water-insoluble fraction (la, Ila, and Illa parates vy the centnfuge, and a soluble fraction 
It 1! mod Il which was precipitater itl leohol { n supernatant liquid In 
lwests IV and >» 1m i oOmponet ‘ forme } recov y of polysacchande 
siwaves 00 t t st ‘ be it Oo he basis of the final 
: accharides had 


other minerals 
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When hydrolysed with acid, they gave high conversions into glucose, as estimated by cuprimetric 
titration. The optical rotatory powers of the polysaccharides in aqueous alkali were practically 
identical with those of potato starch and its components ((2)/f 156°). Qualitative tests indicated 
the absence of protein 


Taste I 
Purity of the synthetic polysaccharides 


Recovery (%) based Total Ro, in terms of glucose (%), 
Poly on phosphate (a)? in phosphorus before acid = after acid 
saccharide conversion Ash (%). ©@4~-NaOH. (%). hydrolvsis. hydrolysis. 
696 046 157° 0-25 , 
286 wee 155 oo? 
957 0-95 158 O17 
56 77 157 ooo 
413 1-13 161 O10 
53.5 0-40 158 0.00 
soy ose lm O07 
065 oas i6o ooo 


Tanie Il 

Characteristics of the synthetic polysaccharides, 

Activating 

~wwer for 

Approx. A of enzyme Fraction (%) 

Polv- peak absorp soluble sova-bean cryst precipitated 

saccharide - tion (a starch 1) B amylase B-amylase. by thymol. 
Potato amyl 


lodine complex Limit conversion (%) 


into maltose with 


6500 0-37 ‘ 

(0-43) 75) 

ain 0-41 ao 

Sao o4ag 4! 

(59) (68) 

Insol 5800 o598 “9 

Sol een 0-62 46 

(0-87) (63) 

S700 o79 6a 

Sol. Hlb ; 22 5500 om oo 

IV ‘ g 5300 097 BS!) 

Vv 5200 142 57 
Potato amylo 

pectin 5600 1.03 56 


* From Part IT (/., 1940, 1448) 


The effect of increasing the proportion of Q-enzyme is seen in better perspective if the 
properties of the “‘ whole " polysaccharide produced in a given digest are considered rather than 
the properties of the soluble and the insoluble fractions separately. The values given in 
Table II for the polysaccharides, 1, II, and III, have been calculated, as weighted averages based 
on yields, from the measured values for the respective soluble and insoluble fractions. 

It is seen that there is a uniform gradation in the properties of the “ whole “ polysaccharides 
which is indicative of an increasing degree of branching as the proportion of Q-enzyme in the 
synthesising mixture is increased. Thus, with increasing Q/P ratio in the digests I-—V it is 
found that (i) the blue values of the products vary from 1°08 to 0°12 and at the same time the 
wave-lengths of the absorption peaks move towards that of waxy maize starch (5200 a.; 
Part V, /., 1949, 1712), (ii) the activating power of the polysaccharides with respect to P-enzyme 
synthesis, which is to some extent a measure of the number of chain-ends per unit weight, 
increases from 0°43 to 1-02 (soluble starch = 1:0), and (iii) the limit of conversion into maltose by 
soya §-amylase (which is inversely related to the number of branch points) varies from 75°, 
(polysaccharide 1) to 57% (polysaccharide V). Furthermore, while polysaccharides I and I 
are largely precipitated by thymol, less than a third of III shows this “ amylose " characteristic 
and IV and V are not precipitated at all 

When, instead of the “ whole " pelysaccharides, the soluble and insoluble fractions of the 
first three are examined, the heterogeneity of the synthetic products is brought into prominence. 
Particular interest attaches to fraction Ib (and to a smaller extent to ITb) which displays certain 
anomalies of structure not found in any fraction separated hitherto from a natura! starch 
Although fraction Ib was soluble in the incubation solution, more than half of it was precipitable 
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as a thymol complex. Furthermore its blue value (0°82), the variation of A.V. (6800 a.) with 
increasing iodine—iodide concentration (see Fig.; cf. Baldwin, Bear, and Rundle, /. Amer. Chem. 
Soc., 1944, 66, 111) and its activating power in synthesis (0°49) suggest a structure of moderately 
long chains with a limited degree of branching. Nevertheless, fraction Ib was hydrolysed to 
the extent of only 41% by soya-bean §-amylase and 35°, by crystalline sweet-potato 6-amylase 
and thus appeared to be more highly branched than potato amylopectin. A possible explanation 
of this apparent anomaly is that fraction Ib is composed of fairly long chains having a certain 
degree of branching near their non-reducing ends. This view derives support from the 
observation that the limit dextrin produced by §-amylolysis from fraction Ib is stained blue, 
not red, with iodine. It is unlikely that digest I was entirely free from Q-enyzme activity and 
s© polysaccharides Ib and Ilb probably resulted from a very mild Q-enzyme action. If 
()-enzyme, like P-enzyme and $-amylase, initially attacks non-reducing chain-ends, the early 
stages of ©-enzyme action on amylose may well be expected to give rise to a structure of the 
type postulated above for fraction Ib 


Polysaccharide sodine colours produced with variation of todime Comcentration 





=> 
i 


‘Potato amylose | 


_—_—_—____—_—_——— Ia 


Pat 
/ 


ey 


. 
Potato starch 


8 
: 
s 
: 
8 
: 
4 


qasessss py | 

Potato amy lopectio 

10 20 30 ie 
lodine (mg./ 100 c.c.) 


Polysaccharide, 1 mg./100 ¢.c. ; potassium iodide, 10 « todine concentration ; readings taken after 24 hrs.). 





The velocity constant of S-amylolysis of a starch polysaccharide is mainly determined by 
the number of non-reducing chain-ends available in unit weight, so that amylopectin is degraded 
more readily than is amylose (Part V). Yet further evidence that the higher the Q/P ratio in 
the synthesising digest the more extensive is the branching of the resulting polysaccharide was 
provided by a comparison of the rates of $-amylolysis of the precipitated fraction, la, and the 
soluble polysaccharide, 1V The reaction during the first 40 minutes was of the first order in 
both cases and the respective velocity constants obtained with identical enzyme concentrations 
were 425 and 7°25 x 10* (min). Clearly, §-amylolysis proceeds more readily with 
polysaccharide [V which must therefore present more chain-ends to the action of the enzyme 
than does fraction la 

There is thus no doubt that the mixtures of P- and Q-enzymes had synthesised a range of 
polysaccharides and that the extremes approximated in properties to natural amylose and 
amylopectin. Nevertheless, the synthetic polysaccharides cannot be regarded simply as mixtures 
of two molecular species, namely, of an unbranched long-chain amylose and a highly branched, 
short-chain amylopectin, On the contrary, the gradation in properties shown by the synthetic 
polysaccharides is to be ascribed rather to variations in molecular structure, These variations 
find expression in the average length of the basal chains synthesised by the P-enzyme component 
and in the number and mean position of the branch linkages introduced by Q-enzyme. 

Further evidence regarding the structure of these synthetic polysaccharides has been 
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obtained by methylation and end-group assay. These results are reported in the following 
communication 


EXPERIMENTAL. 


Inpotassvam Glucose-1 Phosphate from Potate Starch.—The Cori ester was ared from potato 
starch by phosphorolysis, as recommended by Sumner and Somers (Arch. Biochem, 1944, @ 11) hrice 
recrystallised, it showed (a)? + 77-2° (c, 3-73 in water) (Found: total P, 63; free P, nil, Cale. for 
C,H, ,O, PK, 2H,O : total P, §-3% 

Isolation of P-Encyme from Potatoes.--A stock sample of fraction P2, which had been stored for 
several months as the free-flowing powder obtained when a solution of the enzyme was freeze~iried by 
the standard procedure reported im Part VI, was further purified by two fractional precipitations with 
neutral ammonium sulphate, the enzyme fraction being precipitated between salt concentrations of 19 
and 35 g. per 100 c.c. being retained at each stage. The product was dissolved in 0-2u-citrate butler 
(pH 60; 25 c.c per 100 cc. of potato juice employed) and freeze-dried. When required for use in the 
digests, the enzyme was dissolved in water (50 c.c. per 100 c.c. of potato juice employed) 

This solution possessed 3-1 units of phosphorylase per c.c. (determined by the method of Green and 
Stumpt, /. Biol. Chem., 1942, 142, 355 


Isolation of Q-Enryme from Potatoes.—A stock freeze-dried sample of fraction Q3, prepared by the 
standard method (Part V1), was further purifed by two precrpitations with neutral ammonium sulphate 
(18 g./100¢.c.). The product was dissolved in 0-2™-citrate buffer (pli 65; 13 c.c. per 100 ¢.c. of potato 
juice employed) and freeze<iried. When required, the enzyme was dissolved in water (125 ¢.c. per 
100 ¢.c. of potato juice employed), giving a solution which possessed 1-1 = 10° units (Green and Stumpf) 
of phosphorylase per c « 

Synthesis of Polysaccharides from Giucose-| Phosphate a) Conditions of synthesis Five digesta, 
having the compositions shown in Table II1, were prepared and incubated at 25°. The inactivated 
Q-enzyme solution was obtained by boiling a portion of the active solutwn, removing the coagulated 
protein by filtration, and diluting the filtrate to compensate for volume loss. At intervals aliquot 
sortions of each digest were removed for the determimation of (1) reducing power, by the method of 
Shaffer and Hartmann (/. Biol. Chem., 1921, 4§, 377), and (2) mineral ghominte, by the colorimetric 
method of Allen (Biochem. J., 1940, 34, 858). Since the Shaffer-Hartmann reagent is insensitive to 
small amounts of reducing sugar (<0 2 mg. of glucose and <0-4 mg. of maltose), a known weight of 
maltose was introduced during the estimation and the reducing power of the test portion was calculated 
by difference 


Tasie III. 
Composition of the digests 


Each digest contained glucose-1 phosphate (39-06 g.), 0 2m-citrate buffer (pH 63, 600 c.c.), and the 
enzyme solutions given below 
Digest number IV V 
P-Enzyme solution (c.c . ‘ 22: 22% 225 
Active Q-enzyme solution (c.< 28 ial 225 
Inactivated Q-enzyme solution (c.c.) ... 22! 7 4 0 


The digests were incubated until approx. 72% of the Cori ester had been converted into polysaccharide, 
as shown by the phosphate estimations. The higher the Q-enzyme content, the more rapidly was this 
stage attained (see Table IV). The final pH was ca. 7-3, compared with 7-1 initially. 


In those digests (IV and V) which were free from precipitate, the enzymes were inactivated by a 
few minutes’ boiling, and the coagulated protein was removed by filtration. 


In digests I, I], and IIT where an insoluble polysaccharide had been formed, each digest was centrifuged 
a short time before the requisite phosphate conversion was reached and the final ssphate estimation 
was made on the supernatant a. which was then immediately boiled and filtered to remove the 
coagulated protein. The insoluble polysaccharide was washed twice with water, the washings being 
boiled, filtered, and added to the main filtrate 


(b) Treatment of the insoluble polysaccharide fractions. Each insoluble polysaccharide was ground 
twice with 95% alcohol, once with absolute alcohol, and twice with ether, and dried at 60° in a vacuum 
over phosphoric oxide. 

(c) Treatment of the soluble polysaccharide fractions. The filtrate obtained when the coagulated 
protein was removed was concentrated at 0° to 250 c.c. and dialysed against distilled water (frequently 
changed) for 36—48 hours. In no case did iodine-staining materia! penetrate the Cellophane membrane 
The polysaccharide ypad meyer with alcohol (2—3 volumes), coagulation being facilitated by the 
addition of a trace of sodium chloride, After 24 hours, the precipitate was removed by the centrifuge, 
and dried as above. 


Tables IV and V record the phosphate conversions and reducing powers of the digests at the end of 
the various incubation periods, and the yields of the polysaccharide fractions. 

Examination of the Synthetic Polysaccharides.—(a) Ath content. The polysaccharide (20 mg) was 
heated in a micro-muffle until there was no further change in weight 


(b) Tests for protein impurity. The polysaccharide was subjected to Millon’s test and the sodium 
fusion test for nitrogen. 
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Taste IV 
Phosphate conversions and reducing powers of the digests 


Irigest Time of Final R,, (as “ apparent % Final % conversion of ester- 
number incubation (hours). conversion into maltose ‘’) phosphorus into free-phosphorus 
I 746 71 
i 395 72 
It 29.0 65 
1V 2740 71 
y 270 719 


Taste V 
Yuelds of synthetic polysaccharides 
Precipitated fraction (a) Soluble fraction (t 
number 8 phosphate conversion. ® “ phosphate conversion.® 

I 539 345 

il 11-61 O69 

il 476 is 

IV Nil lov4 

Vv Nil 114 


* Allowance bas been made for the aliquot portions of the digests removed for analysis 


Digest Weight % yield based on Weight % yield based on 


(ce) Acid hydrolysis to glucose, The polysaccharide was hydrolysed with 7% sulphuric acid at 100°, 
as described by Bourne, Donnison, Haworth, and Peat (/., 1048, 1687) The amount of glucose formed 
was estimated by means of the Shaffer-Hartmann copper reagent 


(4d) lodine stawn A slightly acid solution of the polysaccharide was stained with iodine- potassium 
iodide under the standard conditions described by Bourne, Haworth, Macey, and Peat (/., 1048, 924) 
In this way the blue value (BV) and absorption values (A.V A, 4300— 6800 4.) were measured These 
terma were defined by Fourne, Haworth, Macey, and Peat (Joc. cf} and by Bourne, Donnison, Haworth, 
and Peat (lec. ct 

In addition, the variation of A.V. (6800 4.) with iodine concentration was examined. For this 
purpose, a solution of the polysaccharide (1 mg prepared 4s above, was treated with increasing volumes 
of an iodine (0-2°%,) -potassium todide (2-0%,) solution im a final volume of 100 c.« 


¢) Optical acthwity The polysaccharide was dissolved, with gentle warming, in 0-5n-sodium 
hydroxide. giving a 05%, solution, which was used without neutrahsation for optical activity 
measurements 


f) Praming actierty om svethess by fhosphoryvias Fur measuring the ability of the polysac haride 


te act as a primer of the synthetic function of potato phouphorylase, the procedure reported in Part III 

J, 1949, 1448) was employed, except that a smaller amount (1 mg.) of polysaccharide was used. The 
activating power quoted in Table II is the ratio of the weight of mineral phosphate liberated from the 
Cori ester in the presence of | mg. of the polysaccharide to that liberated in the presence of 1 mg. of 
commercial soluble starch (AnalaR), allowance being made for the relatively smal! priming powers of any 
activators already present 


a) Lime of B-amvlelyu A solution of the polysaccharide (20 mg.) in 0-In-sodium hydroxide 
(25 c.c.) was exactly neutralised with 0-5x-hydrochioric acid and diluted to Mc After the addition 
{ w-acetate buffer (pH 47. 6« and 02%, S-amylase solution (10 ¢. wepared from soya beans by 
the method of Bourne, Macey, and Peat, /., 1045, S82), the digest was inc abated at 20° for a maximum 
of 6 hours At intervals the reducing power was determined, in terms of maltose, by the Shafler 

Hartmann method (/ 7] a@ correction bemg applied for the small reducing power of the enzyme 
The polysaccharides having a high BV. showed a tendency to retrograde at pH 4-7 unless the B-amylase 
solution was added immediately 


In addition, the limiting conversion effected by crystalline 8-amylase was ascertained. This enzyme 
preparation was used in a concentration equivalent to that of the soya-bean 8-amylase 

h) Selectsve PrectPttation usth (hymol A solution of the polywsaccharide (ca. 300 mg.) in 0-5n-sodium 
hydroaide (5 .) was diluted to 100 cc. and exactly neutralised with sulphuric acid. Powdered thymol 
0-5 g.) was added and the mixture was kept at 30° for 36 hours 

The precipitate of polysaccharide-thymol complex was removed by the centrifuge and washed twice 
with saturated thymol-water The complex was washed thoroughly with absolute alcohol and then with 
ether, and the residual polysaccharide was dried to constant weight in a vacuum over phosphoric oxide 
The results are tabulated below 


The other synthetic polysaccharides gave no precipitate with thymol 


Treatment of the synthetic polysaccharides with thymol, 


Polysaccharide Ia Tb 

Wt taken (me we) 280 

Thymol-precipitated fraction (mg 245 162 
o 


° S2 5s 
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592. The Enzymic Synthesis and Degradation of Starch. Part 1X. 
Methylation and End-group Assay of Some Synthetic Polysaccharides. 
By S. A. Barker, E. J. Bourns, and 1. A. WILKINSON. 


Three of the synthetic polysaccharides mentioned in Part VIII have been submitted to 
methylation and end-group assay, potato amylose (B.V., 1-30) and potatoe amylopectin (1.\ 
19) being used as standards The average chain lengths thus determined were amylose 
204; amylopectin, 21; polysaccharide Ia, 150; polysaccharide [V, 19; and polysaccharide V 

7 (all + 5%) 


In the preceding paper (Part VIII) it was shown that mixtures of the P- and the Q-enzyme 
of the potato, containing different proportions of these enzymes, synthesise from glucose-1 
phosphate a range of polysaccharides of the starch class. Comparison of the polysaccharides 
with regard to iodine stains, §-amylolysis limits, activating powers in synthesis by P-enzyme, 
and complex formation with thymol indicated that in the extreme cases the products were 
amylose (highest proportion of P-enzyme relative to Q-enzyme) and amylopectin (lowest 
proportion of P-enzyme relative to Q-enzyme), We now report some results obtained by 
methylation and end-group assay of the synthetic polysaccharides which confirm this conclusion 

For these studies three of the synthetic polysaccharides were selected, namely, polysaccharide 
Ia (amylose type) and polysaccharides [TV and V (amylopectin type). Samples of amylose 
(B.V., 1°30) and amylopectin (B.V., 0-19), obtained from potato starch by selective precipitation 
with thymol (Bourne, Donnison, Haworth, and Peat, /., 1048, 1687), were used as standards of 
reference 

The five polysaccharides were methylated at —70° in liquid-ammonia suspension with 
sodium and methyl! iodide, as described by Freudenberg and Boppel (Ber., 1938, 71, 2505), 
until the methoxy! content of the product exceeded 44°4% 

Hydrolysates of the polysaccharide ethers were analysed qualitatively by paper partition 
chromatography (Hirst, Hough, and Jones, /., 1949, 928), the staining reagent being aniline 
hydrogen phthalate (Partridge, Nature, 1949, 164, 443). The hydrolysates of the methy! ethers 
of potato amylopectin (OMe, 44°6%) and polysaccharide IV (OMe, 45°1%,) each gave four spots 
(see Plate). Three of these spots had Ry, values identical with those of 2: 3-dimethy!l-, 
2:3: 6-trimethyl-, and 2:3: 4: 6-tetramethyl p-glucose, used as standards on the same 
chromatogram. The fourth component in each case appeared to be present only in traces and 
had an R, value slightly smaller than that of 2: 3-dimethy! glucose. It will be recalled that 
Hirst, Hough, and Jones (/oc. ctf.) in an examination of a hydrolysate of methylated waxy maize 
starch (OMe, 43°2%,) found, in addition to 2 : 3-dimethyl-, 2 : 3: 6-trimethyl-, and 2:3: 4: 6- 
tetramethy! D-glucose, a second dimethyl glucose (R,, 0°51 compared with 0°68 for the 2: 3- 
isomer) and also a monomethy! glucose. They believed that the presence of the last two sugars 
could be attributed wholly or in part to the incomplete state of methylation of the 
polysaccharide. In support of this, we have found that a hydrolysate of incompletely 
methylated polysaccharide IV (OMe, 42°0%) afforded spots of glucose and a monomethyl 
glucose, in addition to those shown by the remethylated polysaccharide (OMe, 45°1%); further- 
more the unidentified dimethyl glucose component gave a far more pronounced spot in the case 
of the partly methylated polysaccharide 





Chromatogray analysis of hydrolysates of the methy! ethers of potato amylose (OMe, 
45°1%) and polysaccharide la (OMe, 44°4%,) revealed only 2: 3: 6-trimethyl D-glucose. Under 
the same conditions a reference solution containing 2 : 3-dimethyl-, 2: 3: 6-trimethyl-, and 
2:3: 4: 6-tetramethyl D-glucose (molecular proportions, 1: 200: 1) gave only one spot, that 
of the trimethy! sugar 

Two methods were employed for end-group assay of the methylated polysaccharides. The 

un 
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first was the quantitative method of paper partition chromatography developed by Flood, 
Hirst, and Jones (J., 1948, 1679) and later mnproved by Hirst, Hough, and Jones (loc. cif.). The 
second was Bell's method of partition on a silica gel (/.. 1044, 473), as modified by Bourne, 
Fantes, and Peat (loc. ct). Each method was tested against known mixtures of methyl 
glucoses 

End-group assay of polysaccharides of the starch type. 


6 


Average chain length ( + 5% 
Polysaccharide BY By filter paper method. By silica gel method 
Potato amylose 1» mal | 
Potato amylose * iz 19! 
Polyseacchande la Lis 1” 
Potato amylose * oe lol 
Potato starch * om 26 
Potato amylopectin 1 21 21 
Polysaccharide LV O18 19 
Polysaccharide V 12 17 
* Figures quoted by Bourne, Pantes, and Peat (/., 1949, 1109 


From the results given in the above table, it is seen that the average chain length of 
polysaccharide la (ca. 150 units) confirmed the conclusion reached in Part VIII that this 
polysaccharide was predominantly an amylose. Likewise the average chain lengths (19 and 17, 
respectively) of polysaccharides IV and V supported the belief that these polysaccharides were 
similar to potato amylopectin (chain length, 21 units). Furthermore, it can be seen that when 
the natural and synthetic polysaccharides are arranged together in order of decreasing blue 
value, then this is also the order of decreasing chain length. In view of these observations there 
can no longer be any doubt that P-enzyme is responsible for the synthesis of linear amylose 
chains, and that P- and Q-enzymes together synthesise branched polysaccharides of the 
amylopectin class 

EXPERIMENTAL 


Methylation of the Polysaccharides.-The method of Freudenberg and Boppel (loc. cit.), in which 
#xliom and methyl! iodule are added alternately to a suspension of the polysaccharide in hquid ammonia 
at 70°, was employed, a modified — edure being used for the isolation of the methylated product 


After the last addition of methy! iodide had been made, the liquid ammonia was siphoned off at — 70° by 
the application of a small pressure. The last traces of ammonia were removed under anhydrous 
conditions at 90°/12 mm. The solid residue was suspended in water and dialysed in Celluphane against 
frequent changes of distilled water. When iodide ions could no longer be detected in the dialysate by 
the silver nitrate test, the solution of the polysaccharide ether was concentrated at 40°/12 mm. to about 
15) ¢ ¢ and then freeze-dried. The finely<livided feathery product was subsequently dried at 60° over 
phosphoric oxide in a vacuum 
a) Potato amylose, Amylose (B.V., 1-30; dry wt., 6680 g.), isolated from potato starch by selective 
precipitation with thymol (Bourne, Donnison, Haworth, and Peat, /oc. ct#.), was methylated as above, 
§ treatments with the methylating agents being given. During dialysis, part of the product separated 
from solution This portion was collected in the centrifuge, washed with a small volume of water, and 
freeze-dried. giving fraction X (7-405 ¢.) (Found: OMe, 45-1. Calc. for trimethyl amviose: OMe 
45.6%, The supernatant solution afforded fraction Y (0-420 g.) (Found OMe, 44.0% The total 
yield was 93% 
It was fraction X which was subsequently employed as a standard during the examination of the 
methylated synthetic polysaccharides 
b) Potate amylopectin. Potato amylopectin (B.V., 0-19; dry wt., 10-10 g.), isolated by the thymol 
method, was treated § times with the methylating reagents The freeze-dried product was dissolved in 
the minimum volume of chloroform and precipitated with hght petroleum (b. p. 100-—120 4 volumes 
The precipitate was washed with light petroleum, ground with ether, and dried The methylated 
polysaccharide (7-569 ¢ ) had OMe, 37-4% Part (6-867 ¢) of this material was submitted to § more 
treatments with the methylating reagents and gave a product (6-654 ¢ verall yield, 58°.) having 
OMe, 44.6% 
Synthetic polysaccharide La ‘olysaccharide Li ir 3: : see Part VIII) was treated 
§ times with the methylating reagents lialysis, a | woporthe { the polysaccharide ether 
separated from solution, but in ord onserve mater and to obtain a more accurate estimate of 
the average chain length of polysaccharide Ia the soluble 3 isolut fractions were not isolated 
separately The product (5-053 ¢., 93%,) had OMe, 44.4% 
1) Swuthetic Polysaccharide IV After 8 treatments with the methylating reagents, polysaccharide 
IV idry wt, 4464 ¢ see Part VIII) gave a product (4.544 g, 81%) having OMe, 42-99%. Part 
0-920 ¢.) of this material was remethylated (58 treatments) and the final product (0-842 g overall yield, 
74%,) had OMe, 45-14%, 
e) Syuthetic polysaccharide V Treated 8 times with the methylating reagents, polysaccharide V 
iry wt, 2043 ¢ see Part VIII) afforded a product (3017 g., $1%) having OMe, 445% 
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Analysis of the Hydrolysates of the Methylated Polysaccharides by Paper Partition C Aromatograpay 
(a) Standard methed. The hy eco ware peupaved and analysed by a method eich wns exmatiaily 
that used by Flood, Hust, and Jones (Joc. cif.) and later by Hirst, Hough, and Jones (Joc. of.). The 
polysaccharide ether (ca. GO mg.) was treated with 3.6%, methanolic hydrogen chloride (1-2 ¢.c.) in a 
sealed tube at 100° for 9 hours and then with 4% hydrochloric acid (60 ¢.c.) at 100° for 5 hours 
resulting solution of methy! glucoses was freed from tons and concentrated to a thin syrup, which was 
redissolved in water (10 cc.) 

Spots of the hydrolysate, containing in all some 3-5 mg. of mixed methy! glucoses, were placed along a 
line drawn 10 cm. from the upper edge of a sheet (57 x 23 cm.) of filter paper (Whatman No. 1). An 
additional spot was placed 3 cm. from each end of the main or The sheet was irrigated in a closed 
tank with the top layer of a mixture of s-butanol (40%), ethanol (10%), water (49%), and ammonia (1%) 
until the solvent boundary had moved 40—45 cm from the starting line. The sheet was removed and 
dried, and the terminal reference strips were stained with anili ne lgdoagne phthalate (Partridge, Joc. 
et.). By matching these chromatograms with the main sheet, it was possible to cut the latter into strips 
of suitable width (3—46 cm.) to ensure that each of the sugar components was isolated on one strip ! 
addition, blank — of equal area were cut from the sugar-free regions of the paper. The corresponds 
strips from two such sheets of filter paper were 9-0 together with water (10c.c.) for 1 hour and caalyend 
by the method of Hirst, Hough, and Jones ( ett.) or the larger quantities of methy! glucoses thus 
obtained the analysis was conducted with Socbie volumes of all reagents. Since the method of estimation 
had been shown to be stoichetometric for methyl ghucoses, the volumes of 0-0ln-sodium thiosulphate 
equivalent to the respective sugar components were proportional to the number of molecules of these 
components present in the extracts. 

(b) Analysis of a Anown mixture of methyl glucoses. A solution, containing 2: 3-dimethyl glucose 
3-46 mg.jc.c.), 2:3: 6trimethyl glucose (648 mgjc.c.), and 2:3:4: 6tetramethy! glucose 
4-20 mg.ic.c.), was analysed by the above method. The molecular proportions of the three sugars, 
expressed on a percentage basis, were found to be, tively, 5-48, 89-0, and 5-39 (average of 
3 determinations), compared with the theoretical figures, 5-09, 89-3 and 5-57 

(c) End-growp assay of methylated potato amylopectin. Four components were revealed when a 
hydrolysate of methylated — amylopectin (OMe, 446°) was examined by paper partition 
chromatography. Three of them had Rp values identical with those of 2: 3-dimethy! glucose, 2: 3: 6- 
trimethy! glucose, and 2:3: 4 6-tetramethyl glucose, used as standards on the same chromatogram 
The fourth and slowest-moving cc d to be another dimethyl! glucose. Quantitative 
results obtained in five independent determinations are given in the following table 





Probable derivative of Molecular composition (%) indicated by assay number 
glucose 
Unknown dimethy! 
3-Dimethyl 
3: 6-Trimethy!l . 
3.4. 6-Tetramethy! 


The mean value for the molecular proportion of tetramethy! glucose (483%) corresponded to an 
average chain length of 20-7 glucose units. 

(d) End-group assay of methylated synthetic polysaccharide 1V. Four components were revealed when 
a hydrolysate of the methyl ether of polysaccharide IV (OMe, 45-1%,) was examined by paper partition 
chromatography. The Ry values of three of these components were identical with those of 2: 3-<i- 
methy! glucose, 2: 3: 6-trimethy! glucose, and 2: 3: 4: 6-tetramethy! glucose, used as standards on the 
same chromatogram. The slowest-moving a appeared to be a second dimethyl glucose. The 


chromatogram could not be distinguished visually from that obtained in the case of methylated potato 
amylopectin (see Plate). Quantitative results obtained in five independent determinations are shown in 
the following table 
Probable derivative of Molecular composition (%) indicated by assay number 
glucose I I Il 


Unknown dimethy! 25 107 « 
2: 3-Dimethyl 47 667 % 
2.3: 6-Trimethy! ; snepen aa sal 1 
2:3:4:6-Tetramethyl ......... 588 40 6.58 


The mean value for the molecular proportion of tetramethy! glucose corresponded to an average 
chain length of 19-0 glucose units, 

(e) Examination of methylated synthetic polysaccharide la. Only one component was revealed when a 
hydrolysate of the methylated ysaccharide la was examined by paper partition chromatography 
The Ry value of this sugar was identical with that of 2 : 3 : 6-trimetby! glucose, used asa standard on the 
same chromatogram. Under the same conditions, a hydrolysate of methylated potato amylose and a 
mixture of 2: 3-dimethy!l glucose, 2:3: 6-trimethy! glucose, and 2 3:4: 6tetramethy! glucose 
containing the respective sugars in the molecular proportions 0-50, 99-0, and 0.50%, both gave only one 
spot. The aniline hydrogen phthalate reagents was apparently not sufficiently sensitive to detect such 
small quantities of di- or tetra-methyl glucose. 

Analysts of Hydrolysates of the Methylated Polysaccharides by Partition Chromatography using a Silica 
Gel.—{a) Preparation -~ o- of the silica. The silica was prepared by the method of Gordon, Martin, 
and Synge (Biochem. J, , 79) with two modifications suggested by Tristram (Hiochem. ]., 1946, 
40, 721). First. the diated water glass was cooled to 0° before the addition of l0On-hydrochloric acid, 
and, secondly, the precipitated silica was “ aged “’ in 0-Inw-hydrochloric acid at 0° for 24 hours. 
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The silica was tested, both qualitatively and quantitatively, with artificial mixtures of 2 : 3: 6-tri- 
methy! glucose and 2. 3. 4: 6-tetramethy! glucose, as described by Beli (lec. cat). The recoveries of 
tetramethy! glucose tn four such tests are shown in the following table 


Wt. of mixed sugars Mol propa Recovery of OMe of “ tetra" 
(mg ‘tr tetra “ tetra % theory 
1235 4 we. 
1236 4 Ps 
~.s if Ld 
646 13 ss 523 
Mean values oO? ol4 


The mean value for the recovery of “ tetra 9) 2%) compares with 93% quoted by Bell (/ec. cst.) 
and 023%, quoted by Bourne, Fantes. and Peat (lec. ct An allowance for this consistently low 
recovery of tetramethy! glucose was made in al! end-group assays, the factor employed being # + 5% 

(b) End-growp assay of the methylated polysaccharides. The methylated polysaccharides were 
submitted to end-growp assay by the method of Bell (Joc. cff.), as modified by Bourne, Fantes, and Peat 
lee. et.) The methyl ethers of potato amylose and polysaccharide la prepared as above 
resistant to methanolysis and it was necessary to dissolve them in a smal! volume of Chloroform before th 
methanolic bydrogen orde was added The mixture was heated under reflux for 11 hours, the 
solvents were removed and the resulting syrup was re-treated with methanolic hydrogen chloride in the 
usual: way 

The average chain length was calculated, as described by Bourne, Fantes, and Peat (Joc. ct.), from 
the « Apression 

OO 
chain length 
Fic f 
I 
D 
Details of the results obtamed with the methyl ethers of various natural and synthetic polysaccharides 
are given in the following table 
Potato Potato Synthetx Synthetic 
Polysaccharide amylose. amylopectin la 
Blue value 1» “19 1-18 
of methylated polysace i meg : 2459 Suse 
f methylated polysace % ‘ a6 444 

of glucomde mixture (2 meg Save 2760 4016 

of iret distillate fraction (C mg 3:3 6190 San 

of second dietiliate fraction (D me 2 sta 0 630-4 

of crystalline tetra '' from first fraction (A meg : 131-8 353 
Wt. of syrapy “ tetra “ from second fraction (F mg.) loa 134 
OMe of © tetra” from first fraction f 52.2 517 
Chain length 21 + 1 in .~s8 


The “ tetra fraction from polysaccharide V, treated with aniline in methy! alcohol, gave, after 
several crystallisations from ether, white needles of 2: 3: 4: 6-tetramethy! glucose anilide, m. p. 135°, 
not depressed on admixture with an authentic specimen prepared by the method of Irvine and Moodie 
(7., 1908, 95 


The authors express their gratitude to Professor M. Stacey, F.R.S., for providing facilities for the 
continuation of this work in Birmingham and to Messrs. Courtauld’s Scientific Trust and the Brewing 
Industry Research Foundation for financial assistance to two of them (1. A. W. and S. A. B This 
communication presents part of the research project initiated by Professor S. Peat, F.R.S., to whom we 
are grateful for many heiptul suggest: ns 
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593. The Electrochemistry of Boron Trifluoride Co-ordination 
Comyounds. Part 1. Boron Trifluoride—Ethyl Ether. 
iy N. N. Greenwoon, R. L. Martin, and H. |]. Emectus 


electrical con vity atic viscosa of hquid boron trifluoride 
BF, (C,H ),0. bar ren investigated in the rature range —10° to +45 At 
nductivity is « ¥7 lo* ohm” ’ viscosity, + 1-71 centistokes 


nt 
lysis of the pure liquid results in hberatios the cat 4a mixture of hydrogen, 
ethane, and ethyl ether No gas is ev 1 ! } scCOmM position potential is 
temperatur ppendent amd has the value . at 25 . 7. wsurements indicate that 
nsiderable io character is i i i im vl t I rdinated to boron tri- 
fluorite The nature of the ions present is "i . itt ‘ led that the compound is 
ethy! ethoxyflucrolkwate, C,H, BF O-C HH, 


Tuts paper is the first of a series dealing with some aspects of the electrochemistry of 
co-ordination compounds of boron trifluoride. An attempt has been made to characterize the 
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pure compounds as completely as possible and measurements have been made of the electrical 
conductivity, decomposition potential, viscosity, and density over a range of temperatures on 
these purified liquids. In addition, the gaseous products of electrolysis have been isolated and 
analysed. These compounds include complexes of boron trifluoride with ethers, esters, 
alcohols, fatty acids, and certain nitrogen-containing compounds, such as the pyridines and 
alkylamines. It is hoped in this way to gain a clearer insight into the nature of these compounds 
and to contribute to the elucidation of the catalytic activity of both boron trifluoride and its 
co-ordination compounds 

Since Landolph (Compt. rend., 1878, 86, 1463) first reported the reaction of boron triflaoride 
in 1: 1 equivalent proportions with aldehydes, ketones, and other carbony! compounds, many 
co-ordination compounds between boron trifluoride and organic molecules, containing donor 
atoms, have been mentioned in the literature. A comprehensive review of this field has recently 
been given by Booth and D. R. Martin ( Boron Trifluoride and its Derivatives,” John Wiley and 
Sons, 1949). These compounds have been used extensively as catalysts in condensation, 
alkylation, and polymerization reactions, and interpretations of this catalytic activity have been 
based largely on the concept of an increased acidity conferred on the organic molecule when 
co-ordinated to boron trifluoride. In a few isolated instances, direct physical evidence has been 
obtained for increased ionic character of the donor molecule from electrical-conductivity 
measurements. In particular, Klinkenberg (Chem. Weekblad, 1937, 34, 23) has studied the 
equivalent conductivity of aqueous solutions of boron trifluonde and has reported the specific 
conductivity of its monohydrate (BF,,H,O) and dihydrate (BF,,2H,O) to be 420 x 10° and 
1050 x 10° ohm-'cm.~, respectively, at 22 The variation of conductivity with composition 
in the systems boron trifluoride-methyl alcohol and boron trifluoride-phenol has also been 
investigated (Nieuwland, Vogt, and Foohey, J. Amer. Chem. Soc , 1930, 62, 1018; Sowa, Hinton, 
and Nieuwland, sid., 1933, 55, 3402) and minima have been observed at concentrat ons 
corresponding to the compounds boron trifluoride-di(methy! alcohol), BF, 2CHSOH (x « 
22 « 10° ohm ‘cm.~") and boron trifluoride-diphenol, BF, 2C HOH (« « 1 i x 10* ohm-‘em.-') 
However, in the last two systems the molecular compounds were not isolated and purified 

Some studies on the conductivities of solutions of boron trifluoride complexes in organic 
solvents have been made (Meerwein, Ber., 1933, 66, 411; O'Leary and Wenzke, ]. Amer. Chem 
Soc., 1933, 55, 2117), but m such systems the polarizing and solvating effects of the solvent 
render uncertain any direct interpretation of the results in terms of an increased ionization of the 
donor molecule owing to co-ordination with boron trifluoride 

Apart from these measurements, no electrochemical data have appeared in the literature, 
and this series of papers is an attempt to study systematically the electrochemistry of these 
compounds, and to correlate variations of electrical properties, both with increase in chain 
length in any one series of compounds and with the nature of the donor atom in each particular 
series 

The present paper is concerned with boron trifluoride-ether BF, (C,H,),O, which was first 
reported by Gasselin (Ann. Chim. Phys., 1894, 3, 5) to be a colourless fuming liquid, b. p. 123°. 
More recent determinations report boiling points of 123° to 126°, a variation which may be due 
to a tendency for the complex to dissociate into boron trifluoride and ethyl ether at higher 
temperatures (Brown and Adams, J]. Amer. Chem. Soc., 1942, 64, 2557). The melting point has 
been reported as — 50° to — 52° by Brown and Adams (Joc. ctt.), but more precise determinations 
have given a value of 4" (Wiberg and Mathing, Ber, 1937, 70, 690; Laubengayer and 
Finlay, ]. Amer. Chem. Soc., 1943, 65, 884) 

The boron trifluoride-ether used was prepared by passing boron trifluoride gas into ethyl 
ether at room temperature. The product was purified by successive vacuum distillations in the 
apparatus shown diagrammatically in Fig. 3, and the purified compound was poured directly into 
the conductivity cell, which was sealed off without breaking the vacuum. The melting point of 
boron trifluoride-ether so prepared was -—-57°8° to — 57°7°, which is rather higher than the value 
found by Laubengayer and Finlay (loc. cit.) 

The electrical conductivity of this liquid was determined in the temperature range 10° 
to + 45° and the results are contained in Table land Fig. 1. It is seen that the conductivity of 
the ether complex is 2°07 « 10° ohm-'cm.~ at 25° and that it increases with rise in temperature, 
the relative temperature coefficient being (1 /«)(d«/dt),,- = 20°. Conductivity measurements 
were not extended above 45°, for at higher temperatures boron trifluoride-ether shows an 
irreversible increase of conductivity with time. At 45° the condactivity rose by 3%, of its value 
during 63 hours. At lower temperatures, however, the curve was accurately reproducible, as is 
shown by the points on Fig. 1. In column 4 of Table | the values of the molar conductivity are 
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tabulated, and the final column gives the values of the function «y/d, where 7, is the dynamic 
viscosity 
Tasze I, 
Conductivity of boron trifluoride-cther from —10° to + 45°. 


10* (en /d), 10* (em /d), 
a x We, ohm *g.* a * 10, ohm 'g.~* 
ohm tem 4° WOM«/d. poise cm* . Ohmtcm, d* 100Mx/d. poise cm.* 


Laas i6e 1 644 1-138 2-771 
1am is6 1 830 1-134 3011 
1 40 155 1 802 1-129 3347 
1676 151 2066 1-123 3-731 
1-728 ihe 2-132 1-117 4190 
1-815 148 220 biz 4404 
ime 145 2407 1-107 4n74 
2074 lat 2 580 1.102 5258 


* & « 1150 — 0-0010% (above 0°) (Sugden and Waloff, ]., 1932, 1942); @ 


J ); dl = 1150 — 0-001105¢ 
(below 0°) (Wiberg and Mathing, joc. ct 


Fic, 2. 
Decompossttion potential of boron trifluoride- 
Fra. | ether 


Specific conduchtorty and himematic viscosity of boron try 
trifluoride-cther from — 10" to + 45 


a = 
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© Downward run 
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v Cent stokes 
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I it, 3. 
Vacuum purification apparatus 
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Tastes I 
Viscosity of boron trifluoride-ether from — 10° to + 40° 


‘ —F1* —10" +2:3° or 20" “ay , wo “3° 
», centistokes . 22 2-61 2-29 1-82 14? 135 
4° 1.148 1-140 1-128 11i2 1-107 
9. centipoises gue 21 2.05 1 17 165 150 


* Densities by interpolation from Sagden and Waloff, and Wiberg and Mathing (Joce. off.) 


The temperature-dependence of the kinematic viscosity (v) was determined by using a 
modified Ostwald U-tube viscometer in accordance with British Standard 188:1937. The 
results are presented in Table II and Fig. 1. The values of », which is related to 
v by the equation 7 = wt, are also included in Table II. It may be seen that the viscosity at 
25° is 5 = 1°93 centipoises, which is about twice the value for water at the same temperature 
The plot of log 7, against the reciprocal of the absolute temperature is approximately linear 
with a slope corresponding to an activation energy of 3:1—3°3 keals. mole. These results will 
be discussed later 

Fic. 4 


Apparatus for cramimation of electrode gases 




















To obtain some information on the nature of the electrode processes occurring in liquid 
boron trifluoride-ether, D.C. measurements were carried out. The current-voltage curves 
gave well-defined decomposition potentials which varied slightly with temperature as shown in 
the following table; Fig. 2 shows atypical plot. At higher voltages a colourless gas was evolved 


Decomposition potential of boron trifluoride ether 


t 10-9 19-6 we 
D, volts 1-4 13s 12s 


at the cathode, and there was a slow colour change in the liquid through pale yellow to brown ; 
at the anode the only visible reaction was a colour change similar to that observed at the cathode 
The cathodic gas was collected and analysed in an apparatus shown in Fig. 4, and was found to 
be mainly hydrogen with smaller amounts of ethane and ether, in the mole ratios, hydrogen 4°4, 
ethane |, ether 0°3 


Discussion 


The only reference to the conductivity of boron trifluoride-cther in the literature is by 
Bowlus and Nieuwland (J. Amer. Chem. Soc., 1931, 53, 3835), who observed that the conductivity 
was “ very low in comparison with that found for the ethyl alcohol compound."’ Unfortunately, 
the value of the conductivity of the ethyl alcohol compound was not published; their reference 
to Nieuwland, Vogt, and Foohey (loc. cit.) appears to concern the conductivity of the system 
methy! alcohol~boron trifluoride (see above). The present investigation gives the conductivity 
of highly purified boron trifluoride-ether as «,,. < 2°07 « 10* ohm “‘cm.“, which is smaller 
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by a factor of 10 than the published figure for boron trifluoride-di(methyl alcohol) («,, = 
22 = 10° ohm'ecm 5"). 

The conductivity of ethyl ether itself is <3 x 10°” ohmr'cm.” at 25° and measurements on 
liquid boron trifluoride at — 120° (Woolf and Greenwood, ]., 1950, 2200) give a conductivity of 
<5 « 10" obm'cm.'. The much higher conductivity of the co-ordination complex arises from 
ionization caused by the electron displacement involved in the formation of the oxygen—boron 
donor-acceptor bond 

The molar conductivity, which is equal to the product of the specific conductivity and the 
molar volume, is tabulated in col. 4 of Table 1. The value (Mx«/d),,. = 3°75 x 10* may be 
used to compare the conductivity of the complex with that of other liquids at the same 
temperature. Such a comparison shows that the molar conductivity of boron trifluoride-ether 
is considerably larger than that of most other compounds which are liquid at this temperature. 

The steady increase in conductivity with rising temperature is caused by an increase in both 
the number and the mobility of the ions in the liquid. As mobility is inversely proportional to 
viscosity, the function sr, /d given in the final column of Table I should compensate for increased 
conductivity arwing from this cause, and the increase of 10%, in the value of this function over 
the temperature range investigated is a measure of the enhanced ionization of the complex 
effected by rise in temperature 

When log « is plotted against the reciprocal of the absolute temperature, a curve is obtained 
which is slightly convex to the temperature axis. An accurately linear plot is not to be 
expected for, in addition to the activation energy of ionic migration, a term reflecting the 
changing number of ions with temperature will be involved. However, it is possible to obtain 
some idea of the activation energies from the slope of the curve, and these have been calculated 
to vary systematically between the limits 3°72 kcals.mole' at lower temperatures and 
2°32 kcals mole“ at higher temperatures 

Co-ordination to boron trifluoride imcreases the viscosity of ethyl ether from 0°224 to 1°93 
centipoiwwes at 25°, and the activation energy of viscous flow from 1°63 kcals mole" to 
3°20 keala mole’. The latter value is just that which would be predicted from the latent heat of 
vaporization (1...) on the basis of Eyring’s theory of absolute reaction rates. According to 
this theory, the activation energy of viscous flow for liquids having unsymmetrical molecules is 
iLagy. and, a value of 13:1 keals.mole' being used for the latent heat of vaporization 
(Laubengayver and Finlay, /ec. cet), this gives a calculated activation energy of 3-27 kcals.mole™', 
which agrees well with the observed value of 3:20 

he discussion so far has dealt only with the results of viscosity and A.C. conductivity 
measurements The results of D.C. measurements are now considered. The decomposition 
potentials in the last table cannot be used directly to calculate the free-energy change associated 
with the electrode processes occurring in the complex because of the disturbing influence of 
irreversible phenomena. Hack-e.m.{. measurements are free from this disadvantage, but 
preliminary experiments showed that the emf was so transient that measurements of its 
equilibrium value were impracticable The current densities used in the decomposition 
potential measurements were of the order of 10° amp.cm.*, and at these low values Bowden 
and Rideal (Prec. Re S 1028. A, 120, 50) have shown that the byvdrogen overvoltage on 


inum is OOS —O-OM% vy If this were so, the present measurements could be used to estimate 


gv change involved | it is by no means certam that overvoltage measurements on 


oron trfluoride—ether The 
> may be due to changes in 
ry itage 
een 50) and 100 v. results in the 
er at the cathode in the molar ratios 
at both electrodes from colourless to 
ed at either electrode but remained 
residue Any 
fact 


oft ethoxytri- 


1 Ketelaar (Rec: 
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Trav. chim., 1935, 54, 959), on the basis of X-ray diffraction measurements, have established the 
structure of boron trifluoride dibydrate as hydroxonium hydroxytrifluoroborate (II). Further, 
the methoxytrifluoroborate jon is known in such compounds as mercuric methoxytrifluoroborate, 
Hg(BF,-O-CH,),, which is derived from the acid H*(BF,,O-CH,)~, boron trifluoride-mono- 
(methy! alcohol) (O'Leary and Wenzke, loc. cit). The ionization now postulated is esentially 
the same as that assumed by Price and Ciskowski (J. Amer. Chem. Soc., 1938, 60, 2499) to explain 
the alkylation of organic compounds by ethers or alcohols in the presence of boron trifluonde 
Although no direct evidence for the nature of the ionic species was available at that time, it 
would now seem that this ionization is consistent with the results of the present electrolysis 
experiments. At the cathode the primary reaction would be the discharge of the ethyl ion to 
give hydrogen and ethylene 
CH + eo — > CH, + 4H, 


The ethylene would then be subject to two competing reactions, first, polymerization to higher 
olefins, and secondly, hydrogenation to ethane. The relative amounts of ethylene undergoing 
each reaction will depend on the rate of electrolysis (current density) and on the rate of agitation 
of the electrolyte. The ratio may also be dependent on the applied voltage, which affects the 
hydrogen overpotential on platinum and hence its efficiency as a reducing agent. Such a 
vanation of electrolysis products with current density and applied voltage is well known from 
the classical work of Haber and others 

Under the conditions of the present experiments the greater proportion of ethylene appears 
to undergo polymerization rather than reduction, for, although the primary reaction produces 
twice as much ethylene as hydrogen, the observed ratio of hydrogen to ethane in the cathode gas 
is 44:1. This imphes that, for each molecule of ethylene reduced to ethane, ten molecules 
undergo polymerization 

The final constituent of the cathode gas was ethyl ether itself. This comprised about 
5 moles %, of the total gases evolved, equivalent to approximately 01 millimole. As the 
amount of complex undergving electrolysis was approximately 0-2 mole, the liberated ether may 
represent a stowcheiometric excess of 1 part in 2000 or, more probably, it may arise from contact 
of the ether complex with traces of water vapour while the electrolysis cell was being loaded 


BF,.(C,H,),O + H,O— > BF,,H,0 + (C,H),0 


Such a reaction would explain the tendency of the complex to fume in moist air. This possibility 
detracts in no way from the accuracy of the measurements of the specific electrical conductivity 
which were made under much more ngorous conditions 

The reactions occurnng at the anode are less amenable to discussion as no gaseous products 
areevolved) However, it 1s suggested that the discharged anion may disproportionate according 
to the reactions 


BFL OCH,SCH, > (BF, OCHYCH,) + & 
2) BF, OCHYCH, > BF, CHYCHO + BP, CHyCHyOH 


Boron trifluoride-acetaldehyde has been reported by Landolph (Joc. cit.) and confirmed by 
Brown, Schlesinger, and Burg (/. Amer. Chem. Soc., 1939, 61, 673); under the present conditions 
of formation the aldehyde may be polymerized. Boron trifluoride-mono(ethy! alcohol) has 
been reported by Bowlus and Nieuwland (Joc. cit.) and will itself be ionized to some extent 
Disproportionation of the anion in this way explains the absence of gaseous anodic products and 
the fact that all the boron trnfluornde and oxygen are retained in the electrolyte 


EXPrKIMENTAL. 


Roron Trifluoride -E ther This compound was prepared by passing boron trifluoride gas through 
ethy! ether in an apparatus kept at room temperature by means of a water-cooler Boron trifluoride 
was generated according to the method of Booth and Willson (/norg. Synths... Vol. L, p. 21) bw heating a 
mixture of concentrated sulphuric acid (300 mi boric anhydride (50 ¢g and sexhem fhuoroborate 
4) ¢) in an all-glass apparatus The gas was bubbled through two towers containing noentrated 
sulphuric acid saturated with boric anhydride and then passed directly into a weighed absorption tabe 
contamimng the ether which had been freshiyv distilled from sadam When absorption was complete the 
roduct, contained in the tube, A, was transferred to the purification apparatus, Fig. 3. The latter had 
meen thoroughly dried by flaming under a vacoum The vapour pressure of boron trifluoride-ether has 
been given by Laubengayer and Finlay (Joc. cit.) as log Paw 2845/7 + 10-02, which corresponds to 
a valve of about 2 mm. at 20°; vaceum-<distillation could therefore be conveniently carried out at room 
temperature The apparatus was evacuated, and after a short time the distillation rate became constant 
at about 10 ml. per hour. A first fraction was allowed to pass through the apparatus, and then about 








3036 Boron Trifluoride Co-ordination Compounds. Part I. 


® mi. were condensed by cooling trap B BL = anid air, after which the bulb A was drawn off at the 
constriction C. A similar process 1 ddle fraction being condensed in trap D, the tubes E 
retaining samples for m. p. and carbon and nydvogen determinations. The purified compound in D was 
metted and poured directly into the necenor yom | cell F, which was thea sealed at the constriction G 
without breaking the vacuum. The internal H prevented contamination of the liquid as it flowed 
through the ground jount 


Carbon and hydrogen analyses confirmed the identity of the compound as BF, (C,H,),O (Found 
©,33-3; HL 76. Cale.: C, 33-6; H,7-1%). Them. p. was —57-7° to — 57-8". Ina ate experiment, 
the m. p. of the impure compound, as prepared, was found to be —58 7 to —- 59-5"; after a first vacuum- 
distillation this rose to 7 to ae 8° and successive vacuum fractionations effec ted no further 
change in this value. Temperatures were measured by means of a calibrated amimonia thermometer 





Electrical Conductietty. —A conductivity cell of the conventional type in soda glass, with platinum 
electrodes, was found quite suitable for conductivity determinations, the value of the « onductivity 
remained wnaltered at room temperature during several months. The cell constant was 2-359 cm 
and the volume of liquid required was approx. 5 mi 


Conductivity was measured by using the amplified ae of a 1000-cycle beat frequency oscillator 
in a Wheatstone-type network, and the balance point was detected electronically by means of a cathode- 
ray cacilloscope (Haszeldine and Woolf, /. Sec. Chem. Ind., in the press). For temperatures above that 
of the room, thermostatic control was obtained to 40-05" by means of a contact thermometer and 

Sunvic relay in a large water-bath. Lower temperatures were maintained by circulating cooled 
ethylene glycol from an American Instrument Co. “” Aminco " thermostat through metal coils in a large 
bath of the same liquid. With this arrangement the temperature could be controlled to + 0-05" over 
periods of one hour 


DC measurements were made by means of a standard circuit which incorporated a microammeter, 
and potential differences were measured by using an “ Avometer.” 


Identification of Cathode Gases The apparatus used for the generation and identification of gaseous 
electrolysis products is represented in Fig. 4. About 20 mi. of boron trifluoride-ether in cell C were 
electrolysed at 30 ma. during 12 hours. The applied potential was varied between 50 and 100 v. in order 
to maintain an approximately constant current density The gas evolved under these conditions was 
assed into the vacuum system through the lock F. With taps 7, and 7, closed, and trap A cooled in 
kjuid oxygen, the non-condensable fraction of the cathodic gas accumulated in the molecular-weight 
bulb # of 125 mi. capacity, and its pressure was measured in the manometer, M, by means of a 
cathetometer. When approximately 3 millimoles of gas had been collected, taps 7, and 7, were closed, 
and the bulb was weighed. The molecular weight was calculated to be 2-7. Samples of this gas were 
sparked with air in a Hempel apparatus, and the contraction was noted. There was no further 
contraction on treatment with aqueous sodium hydroxide solution. In duplicate experiments 19-0 ml 
and 15-5 ml. of the gas were found by analysis to be 18-6 ml. and 14-8 mi. of hydrogen, respectively 


The fraction condensable in oes oxygen constituted approx. 22 moles %, of the gases evolved, and 


had a molecular weight of 39-7 his gas was subjected to further fractionation at the temperature of a 
melting alcohol bath 112°, and resolved into two components: (a) volatile, M 30-1 (Calc. for ethane 
wt 6) non-volatile, M 74-2 (Calc. for ethyl ether: 74-1 The vapour pressure of the volatile fraction 
was Measured manometrically between 120° and —140° and found to correspond to the published 
figures for ethane Temperatures were measured by means of an ethylene thermometer. These vapour- 
pressure results, in conjunction with the molecular-weight determination, unambiguously establish the 
identity of the component (4) as ethane. In a similar way the vapour pressure of component (6) was 
measured over the temperature range 20° to — 78° and all the values were found to be in accord with 
the vapour preasure of ethyl ether. In this instance temperatures were measured with a mercury or an 
ammonta thermometer 


Viseossty The kinematic viscosity (vy) was measured by using a British Standard No. 1 U-tube 
viscometer constructed in “ Pyrex “ glass with a capilliary diameter of 1-2 mm. and an efflux volume of 
65 mi The limbs of the viscometer were fitted with silica drying-tubes to prevent access of moisture 
te the bquid under investigation The time of efflux (/) varied between 150 and 420 secs. and was 
related to the viscosity by the equation + cf or The constant C was determined by direct 
calibration with distilled water and had a value of 7662 lir* centistokes sec.“ Kinetic-energy 
corrections were effected by the term contaming the constant which had a value 2-4 centistokes sex 
for the instrument used Thermostatic control was the same as that used in electrical conductivity 
Measurements 


Two of the authors (N. N.G. and RL. M_) thank the Commissioners of the Exhibition of 1851 for the 
award of Overseas Studentships during the tenure of which this work was carried out. 
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594. The Reactions of Fluorocarbon Radicals. Part Il, The 
Reaction of Trifluoroiodomethane with Acetylene. 
By R. N. Haseecprine. 


The interaction of trifluoroiodomethane and acetylene under the influence of heat or of 
ultra-violet radiation yields 3. 3. 3-trifluoro-1]-iodoprop-l-ene and bly higher members of 
the series CP,(CHICH);1. The oxidation of 3 3° 3-trifluoro-l-iodepropene to trifluero- 
acetic acid provides an example of a general method for the synthesis of fuoro-acids, RCO,H, 
trom the fluoroalkyl wodides Ki. The use of chiorine trifluoride to prepare iodine pentafluoride 
and bromine trifluoride is described 


Tue reaction of the free trifluoromethy! radical, formed by the homolytic fission of the carbon- 
iodine bond in trifluoroiodomethane, with ethylene and with tetrafluorocethylene was descnbed 
in Part I (/., 1949, 2856). The reaction of trifluoroiodomethane with unsaturated compounds 
has now been extended to the acetylene series, and an addition-polymerisation reaction has 
been found to occur with acetylene itself 

There was no reaction between trifleorciodomethane and acetylene in the dark at room 
temperature, but a smooth reaction took place on heating the mixture in the absence of light 
or on its exposure to ultra-violet radiation. The main constituent of the product was 3: 3: 3- 
trifluoro-1-iodoprop-l-ene, but small amounts of higher-boiling products imcluding a compound 
believed to be 5: 5: 5-trifluoro-l-iodopenta-1 : 3-diene were also isolated 

The thermal reaction between trifluoroiodomethane and acetylene was carried out in sealed 
tubes at temperatures above 200°. The fluoroalky! iodide was slowly and almost quantitatively 
converted into a liquid contaminated with traces of free iodine. A reaction temperature above 
250° brought about fission of the carbon-iodine bond in the addition products and consequent 
formation of by-products; a cuprene-type fluorine-free polymer derived solely from the 
acetylene is also formed at these higher temperatures 

The majority of the experiments described in this communication, however, involved the 
use of ultra-violet light to initiate the reaction between trifluoroiodomethane and acetylene. 
Reaction occurred in Pyrex as well as in silica vessels, but the latter were preferred since, 
although a small amount of iodine was liberated, the reaction was appreciably faster. Increasing 
the pressure of both the reactants increased the rate of reaction but did not appreciably alter the 
composition of the liquid products, which appear to consist mainly of compounds with one 
trifluoromethyl! group and one iodine atom per molecule. The reaction mechanism suggested is 
therefore : 

CF,l +h» —~> CF, +1 
Cry + CHSCH —» CF,CH=CHe (chain initiation) 
CF CH=CH: + CFI —» CF,CH=CHI + CP,» (chain termination) 


Chain propagation, 
CF CH=CH: + CH&3CH > CFyCH=CH-CH=CH>, etc, 


probably occurs, but has yet to be proved conclusively. Chain termination by abstraction of 
an iodine atom from a molecule of trifluoroiodomethane by a growing radical chain is in accord 
with the liberation of only traces of molecular iodine, with the absence of compounds of the 
type CF, (CH—CH),-CF,, and with the absence, under optimum conditions, of compounds of 
general formula CF,(CH—CH)\,-CH—CH, (n = 0, 1, 2, ete.) formed by chain termination 
involving hydrogen abstraction. The addition of two molecules of trifluoroiodomethane to 
acetylene occurred to only a very slight extent, if at all 

Steacie (“ Atomic and Free Radical Reactions,” Reinhold Publishing Corp., New York, 1046, 
p. 166) has suggested that the polymerisation of acetylene by methyl! radicals derived from 
azomethane at 300° could proceed via the primary reactions 


(a) CH, + C,H, > CH, + C,H 
or (6) CH, + C,H, ~> CH yCH=CHe 


Since fluoroform was not obtained by the interaction of triflucroiodomethane and acetylene, it 
is evident that a reaction of type (a) did not occur. 

The 3: 3: 3-trifluoro-1l-iodopropene did not undergo further reaction with acetylene to give 
higher members of the polymer series under the conditions used. Increasing the temperature 
above 250° brought about side-reactions by the pyrolysis of the fluoroiod , whereas 
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Haszeldine: The Reactions of 


irradiation of mixtures of this compound and acetylene led to the formation of 3: 3: 3-tri- 
fluoroprop- l-ene 
CP, CH=CHI + RH > CPYCH=CH, + Re +s! 


where KH is a compound contaiming hydrogen, probably acetylene. Trifluoropropene was also 
formed when mixtures of triflucrotodomethane and acetylene in silica vessels were irradiated for 
long periods, or when a large excess of acetylene was present during the reaction. In the latter 
case, the CP y°CH—CH? radicals were apparently termmated by collision with acetylene molecules 
instead of by colhmion with trifluorotodomethane molecules 

The liquid products other than 3: 3: 3-trifluoro-l-iodopropene have received preliminary 
examination. An unsaturated compound C,H,IF, which yielded trifluoroacetic acid on 
oxidation, m beheved to be CP eCH—CH-CH—CHi1, the second member of the polymer series 

The presence of a double bond m 3° 3: 3-trifluor-l-iodopropene ts shown by the formation 
of an unstable solid dichloro-compound on treatment with gaseous chiorme. The addition of 
bromine to a double bond adjacent to a perfluoroalky! group is apparently difficult, since a 
dilute solution of bromine in an organic solvent is not unmediately decolorised; a slow reaction 
involving the liberation of iodine occurs when the mixture is kept. The double bond adjacent 
to the trifluoromethy! group in 3: 3: 3-trifluoro-l-idopropene is, however, susceptible to 
oxidation, and treatment with potassium permanganate yielded trifluoroacetic acid, with 
flucroform as a by-product by the series of reactions 


KI > RCH=CHI > RCOW 


it is possible therefore to replace the iodine atom in a fluocroalky! iodide, RI, by a carboxy! group 
This conversion is of interest since it cannot be carried out by direct nucleophilic replacement 
with metal cyaniles, or by the homolytic reaction involving irradiation with cyanogen 
Furthermore, it illustrates one of the ways in which the fluoroalky! iodides may be used in 
synthetic organic fluorine chemistry 

Most of the trifluoroctodomethane used in connection with the present studies was prepared 
from carbon tetraiodide and iodine pentafluoride, as described in Part 1. Tritluoroiodomethane 
can also be prepared, in low yield, by the direct interaction of carbon tetraiodide and fluorine 
diluted by nitrogen Another and better method which involves the decarboxylation of salts of 
trifluoroacetic acid with simultaneous iodination has been described recently (Haszeldine, 
Nature, 1050, 166, 192 

lodine pentafluonde is normally prepared by the direct combination of fluorine and iodine 
An alternative, rapid, and often more convenient method is to treat iodine with chlorine tri- 
fluoride; bromine trifluoride may be prepared similarly by the interaction of bromine and 
chiorme trifluonde it has been found that chiorime trifluoride dissolves in iodine pentafiuoride 
and in bromine trifluoride, and 1s not evolved on heating of the mixtures to temperatures above 
the boiling pont of chlorine trifluorde (12 Liquids which are intermediate in boiling point 
and are vigorous fluorinating agents are thereby obtained, and are being studied further 


EXPERIMENTAL 


Reachon between I nifuoromodomethane and Acetviene under the Influence of He The acetylene used 
im the experrments described was withdrawn trom a commercial cylinder and purihed by fractionation 
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70% of the sodide taken (4-5 g.) into polymer (5-0 g.) im 08%, yield, assuming that the polymer consisted 
entirely of the 1: badduct. The presence of excess of acetylene (up to twice that theoretically required 
to give a |. 1 adduct) did not change the percentage of the |: | adduct im the polymer. Excess of 
acetylene was present at the ead of such expermments 


The free socine in the product was removed by shaking it with mercury, and the colourless liquid was 
fractionally distilled. About 80% of the crude polymer was the 1: | adduct, 3: 3: 3-trifiuoro-l-tode- 

p-l-ene (Pound: C, 160; H. 12; 1, 567; F, 253%; M, 220. C,H,IF, requires C, 162; H, 0-9 
ie 2; F,25-7%; M, 222 

From the higher-botling material a compound C,H, IF,, b. p. ca. 40° /30 mm_, tentatively identified as 
5 5. &-triflucro-l-todepenta-1 : 3-diene was isolated (Pound. C, 24-7; H, 18; 1, WO%; M, 240. 
C,H,IP, requires C, 24-2; H, 16; 1, 512%; Af, 248). This compound, amounting to |--2%, of the 
crude polymer, is unsaturated and can be oxidised by potassium permanganate to trifluoreacetic acid ; 
this suggests that it containsa CFyC=C unit. An unidentified compound, b. p. 130°, «ff 1-478, was also 
isolated in smal] amount 


Reachon of Triflwormodomethane and Acetylene om Silica Vessels under the Influence of Ulira-violet 
Radiation.—More rodine is liberated during reaction in silica than in Pyrex vessels, but never more thaa 
3°, of that theoretically posmble. Unlike the reaction of triftuorotodomethane and ethylene (Haszeldine, 
joc. ctt.), which proceeds to completion on irradiation, complete conversion of trifluaroiodomethane into 
polymer in the presence of acetylene is obtained only by prolonged irradiation. It is convenent to 
irradiate for a time sufficient to bring about 80-55%, conversion in order to prevent excessive 
decomposition 

Typical experiments carried out at room temperature in sealed silica tubes of 100-ml. capacity are 
recorded in Table I, and illustrate the effect of exposure time on the reaction. CF,I (4-6 .) theoretically 
requires C,H, (0-6 @.) to give a 1: 1 adduct. Several pairs of experiments were performed with a 
particular set of reaction conditions to obtain sufficient product for distillation 
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The effect of increasing the pressure in 50-ml.<apacity reaction tubes is shown in Table Il. Several 
experiments were performed with each particular set of reaction conditions, and the theoretical yield of 
polymer was taken as that fora l: | adduct. The yield of polymer decreases with increase in pressure ; 
the side-reactions caused by the irradiation of the excess of acetylene also increase, and cuprene is formed 
on the surface of the silica 
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When a large excess of acetylene is present, some 3: 3: 3-trifucroprop-l-ene is formed The last 

three experiments in Table I, for ae le, gave @ total of 1-4 g. of this compound (Pound: M, 06; 
22 Calc. for C,H,F, onto and Waalkes, ]. Amer. Chem. Soc., 1046, 68, 496, report 
17° to 19 and it *bbins rt Pharmacol., 1946, 6B, 197, reports b. p 24°). For tarther 

identification this was converted into the Pe ee CFYCHOCH CC) b. p. 75 6", wi 1.367 

Found ch, 41-56% MW. 165. Cale. for sHY ,F, c) rt 5% Ww 167 Heune AP "Ky haley 

(J. Amer. Chem. Soc., 1942, 64, 1157) report > p. 767°, wf 1-367) 


Properties of 3:3. 3-Trifluoro-| iodoprop-|-ene This compound is a colourless liquid, b. p. 70-2”, 
wf 1-420, with the characteristic odour of iodofluorocarbons t fails to decolorise bromine immediately 
in organic solvents, but a slow reaction takes place; aqueous potassium permanganate reacts 
instantaneously. The presence of a double bond is proved by the addition of chiorine to give an 
unstable pale yellow solid, m. p. 45—46-5° (forthcoming communication) 


Oxidation of 3.3. 3-Trifluero-| -todoprop-1-ene._-The fluoroiodopropene (15 g.) was added dropwise 
during 2 hours to a stirred solution of potassium permanganate (30 g.) and potasmum hydroxide (20 g.) in 
water (200 mi.) at 55--90°. Gaseous products passing through a reflux condenser were collected in a 
trap cooled by liquid nitrogen. Heating was continued for a further 2 hours with the addition of four 
5-m!. portions of water down the condenser to remove oily oe The volatile product of reaction 
was Suorcform (0-4 ¢., 8%; M, 70), identified tensimetric 








3040 The Reactions of Fluorocarbon Radicals. Part II. 


The contents of the flask were treated with sulphur dinaide, acsdibed with sulphari acid to discharge 
the carbon dioxide, made alkaline with potassium hydroxide, filtered, and evaporated to 50 mi. The 
solution was acidified with sulphuric acid and extracted by ether. The ether was removed, the residual 
acid neutralised to breamothymol-blue with potassaum hydroxide, and the solution was evaporated to 
dryness. The m salt of the acid was extracted by hot absolute aloohol (2 « 100 mi the solid 
obtained by removal of the alcohol was heated with absolute ethy! alcoho! (3-5 ml.) and concentrated 
sulphuric acid (2-6 mi.) under reflux at 80" for 4 hours, and then set aside overnight. The contents of 
the flask were distilied through a short Vigreux column, and the liquid boiling below 70° was disse! ved in 
ether, cooled in ice, and treated with dry ammonia. Evaporation of the ether yielled trifluorvacetamide 
(Sig. 41 which after purification by sublimation at 60° (760 mm. and recrystallisation from alcohol 
had m. p. 75° (Gilman and jenea, J. Amer. Chem. Soe., 1943, G, 1458, record m. p. 74:5--75-0"). The 
optimum conditions for the oxidation were not investigated 


of Trifiucoreiodomethane.--The balk of the triftucroiodomethane required for the present 
investigation was prepared by the method described in Part I. The action of fluorine diluted by 
nitrogen on carbon tetraiodide has also been investigated and found to give trifluoroiadomethane in 30%, 
yield. Fluorine (5 ¢./hour) diluted by nitrogen (16 |. /hour) was passed over carbon tetraiodide (26 g ) 
spread along a horizontal, water-cooled copper tube. The course of the reaction was followed by the 
progress of the hot reaction zone along the tube. The exit gases were passed through silica traps cooled 
to ~—100° and —1290° respectively. When excess of fucrine was observed towards the end of the 
reaction, the flow of fluorine was reduced to 2g. ‘hour, and when fluorine again began to pass through the 
traps the reaction was stopped. The contents of the traps (iodine pentafluoride and trifluorotodo- 
methane) were passed through dilute alkali, and the flocrokxio-compound was further purified by 
distiflation. Its vapour pressure and molecular weight agreed with the values recorded earlier. The 
yield was 20-5 g. (30%) 


Preparation of lodine Pentafuoride a) By the interaction of todine and fluorine. This is conveniently 
carried out in the apparatus shown in the diagram 4 is @ nickel or stainless steel tube, 15 long and 1” 
in internal diameter, Powdered iodine (300 ¢.) is added through tube D, of {” internal diameter, which 
is fitted with a cone and socket lubricated with Cereclor 1 is held on a platform pivoted at E and 
rocked by an eccentric / Water is circulated over 4 continuously Fluorine (30 g./hour) is passed 
into # by means of flexible stee! bellows tubing, and converts the iadine into the pentafluoride in 90% 
yield Rocking is essential during the reaction to prevent the formation of an upper layer of colourless 
valine pentafluerkle which protects unchanged uxline from attack The resction is complete when a 
sample of liquid withdrawn through J) is colourless \ slight excess of fluorine can be detected at ( 
towards the end of the experiment 


b) By the interaction of todine and chlorine trifluoride Chiorine trifluoride, now available 
commercially in cylinders, eliminates the need for elementary fluorine in the laboratory-scale preparation 
of yodine pentatluoride lodine (200 ¢.) is placed in a nickel (or stainless steel) tube fitted with a flange 
of, More conveniently, with a large nic kel cone and socket, and an inlet tube which reaches almost to its 
base The exit tube passes into a fume chamber. Chiorine trifluoride is passed down the inlet tube, 
slowly at first, then more rapidly once laqaid has been formed in the reaction vessel The initial addition 
of 10 mil. of todine pentafluoride enables the chlorine trifluoride addition to be rapid throughout Heat 
is evolved, and passage of chlorine trifluonde is continued until a test portion of the liquid is colourless 


Chiorine trifluoride dissolves in iodine pentafluoride and is not evolved on heating the solution to 
70° (CAF, boils at 12 This phenomenon is being mvestigated further In one instance chlorine 
triflucrtie was passed slowly into kxline pentafluoride at 40° until a 30°, mecrease in volume had 

ybile lorine trifluoride-iodine pentafluoride mixtures are vigorous 


fluormating agents, and dilute stutions of chlorine trifluoride in sodine pentafluoride are of value for 


occurred The colourless, m 
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ami the very ge scl ne tnfluoride of bromine trifluond required 


The crude tactine pentafluorid prepared as described above is d 
it from the orange solid (probably mxline trichloride) which has vate 
reaction Vessel! The chiorme triflaonde dissolved in the | } afl: le is removed by the addition 
of tadine in portions until a permanent dark colour is obtained hurr his process, small particles of 
iodine sometimes burn in the vapour above the liqui otton wool will also inflame in the vapour 
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lodine pentafluoride prepared m this way contains small amounts of chiomne (probably as dissolved 
sodine mono- of tri-chlonde) which cannot be removed completely by distillation. 

Bromine trifiluornde also dissolves chlorine trifluoride and the latter is not evolved on heating the 
sulution to temperatures above its b. p. A convenient method for the preparation of bromine trifluonde 
without resource to elementary fluorime is to pass the theoretical amount of chlorine trifluoride into 
bromune in a cooled nickel vessel of the type described above. The crude yellow bromine trifluoride can 
be purthed by distillatian. 

University Cuemicat Lapoxatory, 

Pemeexoxe Steeer, Campripcs |Recewed, May Dth 1950,) 


595. Reactions of the Perfluoroalkyl Radicals. 
By (Miss) J. Banus, H. J. Emeritus, and R. N. Haszecpine 

The absorption spectra of trifluoroodomethane and pentafluoroiodcethane are continuous 
in the near ultra-violet, and irradiation is beheved to yreld the triflucromethy! and tafluoro 
ethyl radicals. The increase im the rate of photodecomposition of trifluoroiodomet by the 
addition of oxygen, chlorine, cyanogen, or ethylene is attributed to the reaction of the added 
substance with one of the products of homolytic fission of the fluoro-iodide. Semi-quantitative 
observations on the quantum yields of certain of these reactions are recorded. The reactions 
of the CF, radical, produced thermally or photochemically, with ethyl alcohol, hexane, or water 
vields fuoroform whilst chiorotrifivoromethane ts formed by reaction with carbon tetrachloride 
The mercurials C.F HgX (X = F, Ci, Br, and OH) and Hgi(C,F,), have been synthesised 


Tne preparation of trifluoroiodomethane and pentafluoroiodoethane has been described 
recently (Banks, Emeléus, Haszeldine, and Kerrigan, ]., 1948, 2188; Emeléus and Haszeldine, 
/.. 1949, 2048). It is believed that these fluoro-iodides yield the free perfluoroalky! radicals 
when heated above 100° or when irradiated with ultra-violet light, and this view ms consistent 
with the synthesis of trifluoromethylmercuric iodide and bistrifluoromethylmercury from 
triflucroiodomethane (Emeléus and Haszeldine, ]., 1949, 2953). Other reactions of trifluoro 
vodomethane and pentafluoroiodoethane muitiated by heat or by light have now been studied, 
and the results obtained lend further support to the postulation of homolytic fission of the 
carbon-iodine bonds in these compounds 

The absorption spectra of trifluoroiodomethane and pentaflucroiodoethane are similar to 
those of methyl and ethy! iodides in the near ultra-violet. Both fluoro-sodides show continuous 
absorption with maxima in each case at ca. 26804. Chioro- and brome-trifluoromethane, on 
the other hand, do not absorb above 2300 a 

Irradiation of trifluoroiodomethane in the vapour phase produced very little decomposition, 
and the quantum yield was found to be less than 0°002. This value is similar to those for the 
alkyl iodides (West and Ginsburg, J. Amer. Chem. Soc., 1934, 56, 2626; West and Schlesinger, 
nd, 1938, 60, O81) The only decomposition products detected were iodine, hexafluoroethane, 
and traces of silicon tetrafluoride formed by reaction of the trifluoromethy! radical with the 
vessel. The rate of decomposition was greatly increased by the addition of substances capable 
of reaction with the primary photo-dissociation products, CF, and -I, and so preventing 
primary recomtunation. Thus, in the presence of oxygen, the quantum yield was increased to 
0-748, and carbony! fluoride and iodine were formed. Complete separation and identification 
of the products was not achieved and the mechanism of the oxidation of the trifluocromethy! 
radical is not yet clear. It may proceed via a peroxide (¢.g¢., CF,O,) as postulated by Blaedel, 
Ogg, and Leighton (ibid., 1942, 64, 2499) for the photo-oxidation of methy! sodide which yields 
formaldehyde, paraformaldehyde, methylal, and iodine. The first of these products is the 
analogue of carbonyl! fluoride 

Irradiation of trifluoroiodomethane and chlorine gave a quantitative yield of chlorotrifluoro 
methane. The rate on irradiation was about ten times that of the slow dark reaction. lodine 
trichloride was deposited on the walls of the reaction vessel in the early stages, but if the ratio 
of chlorine to trifluoroiodomethane was less than 2:1 the iodine trichloride was gradually 
converted into iodine monochloride and eventually into iodine as the reaction proceeded. Since 
light which can be absorbed by chlorine was not excluded, this reaction can involve the inter- 
action of a trnifluoromethy! radical and chiorine, or the attack of a chlorine atom on trifluoro- 
iodomethane, or both 

Cyanogen and trifluoroiodomethane under similar conditions gave cyanogen iodide and 
hexafluoroethane, and trifluoroacetonitrile was not formed. Pentafluoroiodoethane yielded 
cyanogen iodide and perfluorobutane. Cyanogen itself absorbs only below 2240 4. (Hogness 
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and Liu Sheng Tw'Ai, ibid, 1932, 54, 123), and it is apparent that the reactions of the perfluoro- 
alkyl radicals with cyanogen are too endothermic to proceed under the conditions used, and 
that combination of these radicals with cyanogen radicals does not occur. That trifluoro- 
acetonitrile was not formed and subsequently destroyed was shown by the facts that.the pure 
compound was not photolysed, nor did muxtures of it with jodime react on irradiation 

The photochemical reaction of trifluoroiodomethane with ethylene proceeds under the 
conditions employed with a quantum yield of approximately four, a value which ts in agreement 
with the formation of short-chain polymers of the type CF,(CH,-CH,)},°1 (Haszeldine, J., 1949, 
2456) 

The trifluoromethy! radical is sufficiently reactive to abstract hydrogen from water at 
elevated temperatures. In the presence of mercury, mercuric hydroxide is also produced, and 
the reaction may be represented as 


Hg 
CFy + HO — > CP,H + -OH ——> HgiOH), 
Organic liquids undergo reaction with trifluormodomethane when heated to 200 Thus, 
ethyl alcohol gives fluoroform and acetaldehyde, possibly derived as follows 
CFy + CHyCHyOH ~——» CHP, + CHyCH-OH 

2CH,-CH-OH >» CHyCH,OH + CHyCHO 
Acetaldehyde is also formed trom trifluoroiodomethane and ether. The trifluoromethy! radical 
abstracts hydrogen from »#-hexane to give fluoroform and hexene; the reaction may be 
represented by the equations 

CF, + CoHy, > CHP, + C,H, 


2C 4H y° > CoH yy + Coy 


An unidentified hquid of high boiling pont containing fluorine and idodine was also formed in 
this reaction, and may have been an adduct of trifluorotodomethane and hexene (cf. Haszeldine, 
loc. eit 


The addition of mercury in these reactions decreased the temperature required to cause an 


appreciable thermal reaction. Mercury greatly increased the quantum yield in the 
decomposition of trifluorociodomethane at room temperature, and irradiation of solutions of 
trifluoroiodomethane in organ liquids at room temperature in the presence of mercury brought 
about marked reaction Ethyl alcohol, ether, and hexane, for example, gave fluoroform in 
almost theoretical yield. Clearly, the function of the mercury was to prevent primary 
recomlunation of the trifluoromethy! radial and the iodine atom 

Phe trifluoromethy! radical was also found to be capable of abstracting chlorine from carbon 
tetrachloride, and chlorotrifluoromethane and hexachloroethane were formed in good yield 
The less reactive hydrocarbon free radicals (triphenylmethyl, benzyl, tert.-butyl, etc.) will not 
abstract chiorine in this way, whereas the free methyl and phenyl! radicals do so (Kharasch, 
Kane, and Brown, |) Amer. Chem. Soc, 1942, 64, 1621 

In the course of this work bispentafluoroethylmercury, the free base pentafluorcethy! 
mercuric hydroxide and some of its salts have been synthesised from pentafluoroiodoethane 
Photolwsis of the dimercurial was shown to yield perfluorobutane and mercur whilst reaction 
with chlorine gave chlorop afiu ethane and mercuric « wile 

Thus, | nev n ‘ ree perfluoroalky! radicals will abstract an electro 

comyx ls, or an electronegative clement 


that they wil ombine with mercury 
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ibsorpron Spectra of Trifluorctodomethane Pentafir 
and medium quartz (E3) trograph with a en steel 
tnftuoromethane and Srulacpatlindocnet pry 
pressures of 32-8, 50-6, and 82-1 mm., and pr of 25-5 and 49:5 mm., 
molar extinction coefficients of 16-7 and 16-4 at 19° ——— The jon maximum for 
fluoro-iodides is at 2680 a. and the long wave-length limits appear to be ca. 3170 and 3270 a. 

Photo-dissocsation and Photo-omdation © 
(0-004 g.; p = 101 mm.) was irradiated for hours. The pressure decrease was 0-5 mm. and iodine 
was detected the starch-iodine reaction. If this pressure change is t, it represents on the 
peer a mah Ay yee terete we eB EE ce eo web Irradiation for longer 


periods (in A and in sealed tubes) showed that the — wb At. Ly. yielded todine, hexafluoro- 
ethane, and traces of silicon tetrafluoride 


The quantu id when A was half filled with mercury was ca. 0-1 initially and fell steadily as the 
reaction ce te and the mercury surface became covered with mercury iodides and trifluoromethy!- 
mercuric iodide. 

Triflucroiodomethane (1/123 g.; p = 404-5 mm.) and oxygen (0-115 g.; p — 2535 mm.) were 
irradiated in A tor 40 hours. The volatile products contained unc Sucrotodide (0-509 g ), cor, 
(0-066 g.), carbon dioxide (0-003 g.), and carbonyl fluoride (0-215 g.) (Pound: M, 68. Calc. tor © 
M, 66). The fluorine content, after absorption in alkali, was equicaaat to 0-210 g. of carbony! fluoride 
In this experiment the fluorine balance in the analysis of the reaction products was incomplete by 60 mg 
In further experiments the carbonyl! fluoride was characterised tensimetrically in a silica apparatus to 
prevent partial conversion into con tetrafluoride and carbon dioxide by attack on the soda-glass 
vacuum-system. The vapour-pressure data with values calculated from the equation of Ruff 
and Miltschiteky (Z. anorg. Chem., 1934, 186, 

The quantum yield was determined in two experiments irradiating triflvoroiodomethane and 
oxygen, each at a pressure of 150 mm., and determining the ine liberated. Values of 0-64 and 0-67 
were thereby obtained. Since the exact nature of the products is unknown, the pressure decrease in the 
reaction could not be used to determine the quantum yield. Determination of the fluorine in the volatile 
reaction products other than trifluoroiodomethane gave quantum yields of 0-52, 0-49, and 0-55 in 
successive experiments. 


Reaction of Trifluorotodomethane with Chiorine.—A dark reaction was observed when trifluoroiodo- 
methane (0-287 ¢.; ~ « 300 mm.) and chlorine (0-102 g.; » «— 324 mm.) were mixed. After | hour the 
pressure had decreased by 5-2 mm. and after 40 hours by 12-7 mm. The rapid photochemical reaction 
was shown to yield tensimetrically pure chlorotrifluoromethane a crystals of iodine 
trichloride separated initially and these changed to impure liquid iodine monochloride as the reaction 
proceeded. A mixture of trifluorsiodomethane (0-746 g.; » = 264-6 mm.) and chlorine (0-274 ¢ 
pf = 268-2 mm_) in 4 gave chlorotrifluoromethane (0-256 g.) and unchanged fluore-iodide (0-240 ¢ ) after 
irradiation for 20 hours. With a pressure of chlorine twice that of the flaoro-iodide, complete conversion 
into chlorotrifluoromethane was attained after 32 hours, and only iodine trichloride (Found: I, 53-7 
Cale. for IC], : 1, 54-5%) was present 

The quantum yield, measured in a sealed cell by determination of the iodine liberated, was 
approximately 1-5 


Irradiation of Trifluorotodomethane and Pentafluorovodorthane with Cyanogen — There was no detectable 
dark reaction when trifluoroiodomethane (0-903 g.; » — 320 mm.) was mixed with cyanogen (0-213 g. ; 
pf = 2095 mm.)in 4. Small white crystals could be seen after exposure to light for 15 minutes and these 
increased in quantity during 24 hours’ irradiation at the end of which the pressure was 540 mm. The 
solid was identified as cyanogen iodide. No free iodine or yanogen was observed. The volatile 
reaction products were removed and shown to be he worecthane (0-19 ¢.) and a mixture of 
trifluoroiodomethane and cyanogen. In subsequent ex ments cyanogen was removed by treatment 
with alkali, and the hexafluorcethane formed (@0— yield) was found to be equivalent to the 
trifluoroiodomethane decomposed. Hexafluoroethane (M, ary b. p. — 78°) was identifi ified tensimetrically 
by comparison with the data of Pace and Aston (/. Amer Chem. Soe., 1948, 70, 566). Irradiation of 
pentafluoroiodoethane and cyanogen similarly yielded com ae (M, 230; b. p. —2") identified 
tensimetrically by using the data of Fowler ef al. (/nd. , 1947, 88, 376). 

Photochemical Reaction between Tri fluorosodomethane a momen The a vantum yield 
was determined by the irradiation of a mixture of trifluorciodomethane (0-141 ¢. ; S) mm.) and 
ethylene (0-020 g.; » = 150 mm.) for 40 minutes, a decrease in eed of 4 ¥ 4 “being observed 
Oily globules were deposited in the vessel during the reaction. Unc triflucroiodomethane and 
ethylene were removed and the total iodine in the = — ‘storeninnd Oth after hydrolysis with alkah of 
the organic iodo-compounds which constitute the pec The quantum yield was 3-4; with an 
ethylene pressure of 300 mm. the value was 4-6. Simi ay. “trifluoroiodomethane and propylene gave 
quantum yields between 5 and 7. 


Reaction of Trifluorciodomethane with Ethyl Alcohol and Hexane.—These experiments were carried 
out in sealed tubes of ca. 50-ml. capacity. Volatile reaction products such as fluoroform were identified 
tensimetrically and by molecular-weight determination. 

Trifluoroiodomethane (1-0 g.) heated with ethyl alcohol (20 mi.) at 180° for 24 hours gave a 30% 
yield of fluoroform. The residual liquid had a yellow colour, an reaction 
reactions of an aldehyde. Acetaldehyde was shown to be recrystallised 
from ethyl! alcohol, had m. p. 162—~163°; the 2: 4-dini A —nhno recrystallised from ethy! 
alcohol, bad m. p. 163°; the dimedone derivative had m. p. 140°; literature values are 163°, 164-5", and 
140° respectively 
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Trifluoroodomethane (1-5 g.) and »-hexane (10 mi.), which contained no hexene, were heated for 
24 hours at 205° and gave fucrotorm (13%) and unchanged flucrowdide (76%). Small amounts of 
whoon tetrafuonde carbon dioxide were produced. The residual liquid from five such experiments 
was combined and distilled through an efficient column. The fraction, b. p. 62—68-5°, had «jf 1-301 
and was unsaturated. Determination of the unsaturation by the bromate-bromide method (Lucas and 
Pressman, Ind. Eng. Chem. Anal., 1938, 10, 140) showed that 35%, of the hexene which could theortically 
be produced by the mechanism discussed earlier was present. Physical data for the isomeric hexenes 
are hex-l-ene, b. p. 63-5", Jf 1.3877, hex-2-ene, b. p. 681°, 1-3928; hex-3-ene, b. p. 66-8", af 
13942. When the unc n-hexane had been removed, there was a residue of an unidentified, high- 
bothnag ic liquid which contained fluorine and iodine. Three further experiments at 220° gave a 
@% yield of flucroform. The hexene fraction from the residual liquid was shaken with bromine and 
the dibromohexanes isolated by distillation. Found: b. p. 85—90°/20 mm., af 1.502 porsient data 
for the dibromohexanes are b. p. 89-00" /15 mm., »ff 15024; b. p. 90°/16 mm., »f 1.5025; b. p. 80— 
s1°/13 mm., af 1.5045. 


Sealed-tube Reactions of Trifluorciodomethane in the Presence of Mercury.—Mercury (1 m1), trifluoro- 
iodomethane (2 g), and ethy! alcohol (20 mi.) were exposed to ultra-violet light in a Pyrex tube for 
3 days at room temperature whilst the tube was agitated in a Vibro-shaker. Mercuric iodide was 
precipitated, the liquid became brown, and was isolated in 93% yield. Acectaldehyde was 
shown to be pr t in the dual id by the reactions described earlier. 


A mixture of trifluoroiodomethane (2-0 g.), mercury (1 ml.), and ethyl! alcohol (20 mi.) was heated 
to 180° for 24 hours in the absence of light and gave a 65% yield of fluoroform. 


Hexane (10 ml.)}, mercury (2 mi.), and trifluorciodomethane (3-0 g.), heated to 205° for W hours, gave 
a 61% yield of fucroform, and no fluoro-iodide was recovered. Hexane, an unidentified high-boiling 
compound containing iodine and fluorine (possibly the adduct of trifluoroiodomethane and hexene) and 
hexene (identified as described earlier) were wolated. When hexane (10 mi.), mercury (2 mi.), and 
triftucorotadomethane in a sealed silica tube were exposed to ultra-violet light at room temperature for 
3 days with vigorous shaking, mercuric iodide was deposited and hexene was formed, fluoroform was 
isolated in 90% yield. 


After trifiuoroiodomethane (1-0 g.) and water (5 ml.) had been heated to 150° and exposed to ultra- 
violet radiation for § days more than 90% of the fluoro-iodide was recovered unchanged , only a small 
amount of todine was liberated. Trifluoromdomethane (1-5 g.), water (5 mi.), and mercury (2 ml.) were 
shaken vigorously in a sealed tube at 260° for 24 hours. Fluoroform was isolated in 63%, yield. The 
residual liquid contained mercuric iodide and a white suspension which was separated by decantation 
The suspeasion, combined with that from three further experiments, each with 3.0 g. of trifluoroiodo- 
methane, was centrifuged and filtered, and the hght brown solid was dried in a vacuum desiccator 
(yield, O3 g.). This solid, which contained no fluorine, yielded mercuric oxide on being heated to 200°, 
and after dissolution in nitric acid was found to contain 83-7%, of mercury (Calc. for Hg(OH),: Hg, 
85-0%). 


Irradiation of Mixtures of Trifluoroodomethane and Carbon Tetrachloride.—Carbon tetrachloride 
(5 ml.) was heated with mercury (0-5 ml.) and triflaoroiodomethane (3-0 g.) at 200° for 24 hours. Little 
reaction occurred and 94% of the fluoro-iodide was recovered. The recovery of fluoro-iodide was only 
33%, after heating of a simular reaction mixture to 260° for 24 hours. In this case chiorotrifluoromethane 
(Mf, 103; b. p. 80") was isolated from the volatile products in 60% yield and identified tensimetrically 
after remoy al of traces of silicon tetraflaoride. The solid reaction products contained hexachloroethane, 
but control experiments showed that this compound was also fomad by the interaction of carbon 
tetrachloride and mercury under these conditions. There was no appreciable reaction when carbon 
tetrachloride and mercury in a silica tube were exposed to ultra-violet radiation for 7 days at room 
temperature, but, after triflaorciodomethane (3-0 g.), carbon tetrachloride (5 m!.), and mercury (2 ml.) 
had been vigorously shaken and exposed to ultra-violet radiation for the same period, hexachloroethane 
was isolated in 70%, yield based on the chlorotrifluoromethane formed. The volatile products contained 
trifuoroiodomethane (69% recovery), chlorotrifluoromethane (17% yield), and a small amount of a 
mixtare of carbon dioxide and silicon tetrafluoride removed by treatment with aqueous alkali 





Synthesis of Bispentafluoroethyimercury.——This was prepared from pentafluorotodoethane by the 
method developed for bistrifluoromethylmercury (Emeléus and Haszeldine, loc ct.) Cadmium (3 g 
was heated with mercury (20 ml.) to form an amalgam, pentafluoroimoethane (6-0 g_) was added, and the 
sealed tube containing the mixture was rocked at 30° for 14 days with occasional agitation to homogenise 
the amalgam. The unchanged flucroindlide (4%) was removed and the solid formed extracted with 
ether. Evaporation of the ether and sublimation of the residue at 70° /760 mm. gave bispentafluoroethyl- 
mercury, m. p. (sealed tube) 106-107", in 60% yield [Found F, 43-0; Hg, 45-6%: M (ebullioscopic), 
431. C,F,pg requires F. 43-3; Hg, 463%; M, 439). When heated to 250° for 16 hours, the 
dimercurial gave perfluorobutane (40% yreld) 


Synthesis of Salts of the General Formula C,¥ Hg X.—Pentatluorcethylmercuric iodide was prepared 
in 88% yield by the method described previously (Emeléus and Haszeldine, Joc. cif.). A reaction 
temperature of 240° for 12 hours was found convenient. The melting point was 98° (sealed tube) but 
traces of mercury todides formed during purification or on storage appreciably altered the melting point, 
which, however, remained sharp A similar effect is observed with other trifluoromethyl! and penta- 
fuoroethy! mercurials, and also with some methyl mercurials. This effect renders the melting points 
quoted here somewhat uncertain. 

Pentafluorocthyimercuric hydroxide. Pentafluoroethyimercuric iodide (5-74 g.) was dissolved in 
water and shaken with excess of moist silver oxide for 24 hours. Silver iodide and unchanged silver 
oxide were removed by filtration, and the filtrate was evaporated to dryness at room temperature 
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Im vacwo. The residual! solid was heated in a short-path still, first at 80° to remove unchanged mercuri- 
vodide (40%), and then at 100° sm cacuo to obtain the hygroscopic ’ 
m. p. 220-225" (sealed tube), oon yes Found: F, 2740; ie 580%. AM (ebullioscopic). Ban 
C,HOPF ,Hg requires F, 28-2; M, 337). There was a non-volatile residue (10%) which was 
possibly the oxide or carbonate. 


Pentaflucroethyimercuric bromide, chioride, and fluoride, An aqueous solution of pentafluoroethy!- 
mercuric hydroxide (1 g.) was neutralised with hydrobromic acid and extracted with ether. After 
being dried, the ether was ev: at atmospheric pressure and the residual solid sublimed to give 
penta fluor lmerouric bromide (0-84 g., 70%), m. 8" (sealed tube) (Found: Hg, 480; Bir, 
20-90%, ; M (ebullioscopic), 392. C,BrF Hg requires Hg, 30-0; Br, 200%; M400). A further quantity 
(0-12 g.; total yield box) ade was obtained by evaporation of the aqueous solution 
sm vecwo and sublimation of the residual solid 


Pentafluorocthylmercaric chloride, m. p. 103-—104° (sealed tube). was similarly red in 76%, yield 
(Found: Cl, 104; Hg, 581%; Mf (Qoailicncopic), 347. C,CIF Hg requires CG, 100; Hg, 56-06%, 
M, 355-5) 

Pentafuorcethylmercuric fluoride, m 990.—100° (sealed tube), was obtained in only 15%, yield by 
the procedure described above (Found : e 31-8; Hg, 500%; M (ebullioscopic), 331. C,F sie requires 
FP, 33-6; Hg, 50-3%; M, 330). Further amounts of this compound were not obtained by evaporation 
of the aqueous solution. 

Photochemical Reactions of Bispentafiuorocthyimercry —The dimercurial (0-468 g.) was irradiated in 
an evacuated silica Carms tube for 7 days. Mercury (92% of theory) was formed, and perfluorobutane, 
identified tensimetrically as described above, was isolated in 80%, yield. Small amounts of carbon 
dioxide and silicon tetrafluoride were also detected and some dimercurial (0-008 ¢.) was recovered 
When the dimercurial (1-12 g.) and chlorine (1-20 g.) were similarly irradiated for 5 days a 33%, yield of 
chieropentativorvethane (Found : M, 155. Calc. for CJCIF,: M, 154-5), b. p. —38* (Locke, Brode, and 
Henne, |. Amer. Chem. Soc., 1934, 66, 1726, report b. p. —38"), was obtained, together with unchanged 
mercurial. 
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596. An Analysis of the Isomeric Composition of Bromodihydro- 


myrcene.* 
By L. Bareman, J. IL. Cunneen, and H. P. Kocn. 


2 . 6-Dimethylocta-2 . 6diene with N-bromosuccinimide yiekis a complex mixture of 
isomeric allylic bromides, C,,H,,Br, which has been analysed semi-quantitatively, largely with 
the aid of infra-red spectroscopy. The results accord with a theoretical analysis based on 
known differences in (4) the ease of removal of non-equivalent allylic hydrogen atoms, and 
(b) the equilibrium distribution of labile atoms in different allylic groupings 

The infra-red absorption spectra of the bromide and certain derivatives are described 
They indicate that some of the usual frequencies characteristic of the substitutional environment 
ot double bonds in hydrocarbons are displaced in these allylic systems. 


Tue results of some dehydrobromination experiments (see following paper) prompted the 
investigation of the nature of the bromide obtained by the reaction of dihydromyrcene with 
N-bromosuccinimide (Bloomfield, ]., 1944, 114). Recent theoretical advances in olefinic 
chemistry, as well as experimental findings on the composition of similarly prepared allylic 
bromides (Bateman, Cunneen, Fabian, and Koch, J., 1960, 036; cf. Nature, 1940, 164, 242; 
Bateman and Cunneen, ]., 1950, 941), make it virtually certain that a highly heterogeneous 
product would result. We have attempted to interpret the isomer complexity in the light of 
certain theoretical principles and by systematic infra-red absorption studies 


CH, R*C(CH,R®)-CR*CHR*CHR*C(CH,R®*)(CH-CH,R* 
(1.) 
CH,R“C(CH,R®)CR*CHR“CHEC(CH,R®)-CHR"-CH,R* 
(HL) 
Dihydromyrcene (I; R' = RY =... = R* = H) possesses five non-equivalent allylic 
carbon atoms [I(= 2’), 4, 5, 6’, and 8) as sites for substitutional bromination; in addition, 
allylic rearrangement in compounds originlly substituted at 1 or 2’, 4, 5 or 6’, and 8 can effect 


° Fe oe venience, dihydromyrcene refers throughout this and the following paper to 
pase $34 stented : 64iae. 
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substitution at 3, 2, 7, and 6, respectively. A product mixture of all the ten possible monobromo- 
isomers is therefore possibie. Detailed analysis of such a system is impracticable, but location 
of the main substitutional centres would provide useful information and it is in this sense that 
the problem has been tackled 

‘ ‘The composition of the isolated product is governed by (i) the relative extent of substitution 
in the several allylic units, and (ii) the equilibrium distribution of the bromine atom within each 
unit. Concerning (i), it is well-known that methy! groups are brominated far less readily than 
methylene groups (Ziegler, Spath, Schaaf, Schumann, and Winkelmann, Annalen, 1942, 551, 80), 
so that reaction with simple olefins is largely confined to the latter groups provided excess of 
N-bromosuccinimide is avoided. Assuming that the reaction proceeds by a mechanism in 
which the detachment of the hydrogen atom is a rate-determining step (see Bateman and 
Cunneen, loc. cit.), this effect may be discussed quantitatively. Bolland (Trans. Faraday Soc., 
1960, 46, 358) has shown recently that the relative ease of extraction of hydrogen atoms by 
peroxide radicals from positions {e), (5), and (c) in the unit c H,R-C( CH,) x i H,R is 


(4) 

1: 33: 33* (at 45°). Comparable relative efficiency will endoubtsdly be a ; charac te ristic of 
other stmilar reactions, and hence the various allylic groups in dihydromyrcene will be substituted 
proportionately thus: C,-C,-C,, 1; C,-C,-C,, 1; C,-C,-C,, 10; C,-C,-C,, 3; C,-C,-C,, 1; 
Cerf, 1. The knowledge required for assessing the effect of factor (ii) above is as follows 
The equilibrium proportions of isomers in primary-secondary and primary-—tertiary allylic 
systems are 85° 15 (at 100°) (Young, Richards, and Azorlosa, {. Amer. Chem. Soc., 1939, 61, 
3070) and ca. 99: 1 (Catchpole, Hughes, and Ingold, ]., 1948, 8; note also the composition of 
geranyl bromide, p. 3050), respectively. Accurate studies of secondary-tertiary systems are 
lacking, but theory suggests close similarity with the primary~—secondary relationship (Catchpole 
et. al., loc. ett.), and the isomeric composition of the bromo-olefin obtained from 2-methyipent- 
2-ene and N-bromosuccinimide supports this. Since the reaction now considered was carried 
out at ca. 80°, and distillation at a lower temperature, the secondary-tertiary and primary- 
secondary ratios can be taken with good approximation as 90:10. The bromine distribution 
calculated from the above data is given in Table I. Despite the evident complexity of the 
product, resolution in terms of the substitutional distinctions listed in column 5 should be 
possible if spectroscopic methods of structure analysis of the bromide, and of derivatives of 
known related structures, are sufficiently informative. This condition proved to be partly 
satisfied : the considerable molecular complexity and the disturbing influence of the allylic 
substituent (particularly bromine) made the interpretation of the infra-red spectra less decisive 
than in earlier work on simpler systems (Bateman, Cunneen, Fabian, and Koch; Bateman and 
Cunneen, loce. cit.) and severely limited the accuracy of estimating the constituent olefinic 
groupings. Since such estimates must be obtained, not by the precise procedure of comparing 
the relevant group absorption with that observed in the pure components of the mixture, but 
by comparison with related molecules containing similar groupings, the analyses can only be 
semi-quantitative and will almost invariably be too high because skeletal absorption tends to 
augment the characteristic group absorption by a fractional, but indeterminable, amount. For 
example, the number of CR,CHR groups in the heterogeneous methoxydihydromyrcene 
actually appears greater (by about 25°) than in the isomeric, but homogeneous, gerany! methyl 
ether (1; Kt = Rt «= RR’ = H; K* « OMe) as judged by the relative absorption intensity 
at 830cm.-'. In view of this trend, more significance should be attached to our relative estimates 
of the various groupings than to their absolute values 

Ziegler bromination of dihydromyrcene proceeds readily in boiling carbon tetrachloride 
containing a little benzoy! peroxide ¢ and yields a monobromide, C,,H,,Br, which boils over a 
range of about 5° and exhibits a related retractivity variation. Close-boiling fractions of 
different refractive index possess almost identical infra-red spectra, which are similar to, but 
easily distinguishable from that of gerany! bromide. The characteristic infra-red frequencies 
of differently substituted C:C-units are partly, displaced from their normal values in hydro- 
carbons (cf. arnard, Bateman, Harding, Koch, Sheppard, and Sutherland, /., 1950, 915), 
but bands at 820 and 1655, at 905, and at 963 cm. probably reflect the presence of 
CR,-CHR, CHR(Br)-CR-ICH,, and CHR-CHR gfoups, respectively (cf. Experimental Further 
bromination produces considerable tar and a very unstable allylic dibromide which in contrast 

® The differer 


' 


fact that reactivity is influenced by alkyl 
#), mav be attributed hype njugation of the 
methy! group and the double | nd being conjugated with but cr onrugated with 


substitution at (id) w 


* An even caster, bu nore « 2p>h reac min acetic acid is referred to m the following paper 
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to its homologue prepared {rom the unsubstituted 1 ; 5-diene, dially! (Bateman, Cunneen, Fabian, 
and Koch, Joc. eif.), contains no conjugated-liene units. Although this feature gives only 
restricted information about the substitution process since the more labile dibromide isomers 
probably disappear in reactions leading to the tar formation, it suggests only a small «3-diene 
content for the monobromide. 


Tass I. 
Theoretical distribution of the substituted bromine atom in bromodihydromyrcene 


Relative extent Relative extent Relative extent 
Allyli of substi- Carbon of substi- Substitutional of substi 
unit tution, % atom tution, %. type. tutton, % 
; a SA 
8 o6 
. 06 
Y a4 4. Peripherally at 
59 C,, Cy, Ce and C, 
“ 53-1 7 seed at (, 
and C 
+ 4 At t, and ¢ - 
‘ with formation of 
06 CHYCR, units 
> D. At C, and C, 
a4 with formation of 
"6 0 ab-dienes (as, ¢.¢., 
Cs 60 I! 


CG, 


The infra-red spectrum of the structurally identical methoxy-analogue, obtained by the 
reaction of the monobromide with a hot concentrated solution of sodium methoxide in methy! 
aleohol (Roberts, Young, and Winstein, J. Amer. Chem. Soc., 1942, 64, 2157; Young and 
Andrews, ibid., 1044, 66, 421; Catchpole and Hughes, /., 1948, 4), is more readily interpreted 
than that of the bromide, but is again not entirely unambiguous. The grouping CR,.CHR, 
common to the substitutional types A, P, and in part D (substitution at C, in C,-C,-C,, vide 
Table 1), is definitely identified by strong absorption at 827 cm.~' accompanied by a weaker 
band at 1670 cm.-'; comparison with gerany! methyl ether (1; K' «— R® « ; Ri = H 
R* = OMe) indicates a relative proportion of ca, 125% (see p. 3046). Bands at 963 and at 1645 
and 900 cm.~' are indicative of much smaller amounts of trans-CHROCHR groups (ca, 5%) 
(resulting from substitution at C, in C,-C,C,) and CHR(OMe)CRICH, groups (<5%) 
(i.¢., substitutional type C), respectively. Consistency with the theoretical picture is evident 
Certain minor anomalies, however, appear in the ultra-violet spectrum, which reveals absorptions 
corresponding to conjugated acyclic diene (ca. 7%) and triene (ca. 3%) groups. The origin 
of the latter is uncertain. The former undoubtedly result from partial isomerisation of «3-diene 
structures under the alkaline conditions of preparation; further treatment with hot alkali 
increases their concentration to ca. 10%. Significantly, the corresponding methy! derivative 
(see below) contains no conjugated diene units, but on treatment with alkali these are produced, 
also to the extent of ca. 10%. In model experiments, which will be reported later in a wider 
connection, we have found that an aaee-tetra-alkyl-a4-diene undergoes conjugative isomerisation 
under such conditions only to the extent of about 40°, whereas for an ae-dialky! system the 
extent is about 80%. Accordingly, the degree of conjugation attained in the present 
experiments denotes an original a8-diene content of 25 or 12°5%, depending on the prevailing 
alkyl substitution. The proportion of type-D products given in Table I is derived on the 
basis that the di- and tetra-substituted units are formed in the ratio of 59:85; on the same 
basis, the experimental figure is 18% 

The possibility that a purely hydrocarbon derivative might facilitate the spectroscopic 
analysis suggested the examination of methyldihydromyrcene,® which is prepared in high yield 
by condensing the parent bromide with methylmagnesium iodide. This type of reaction has 
been shown previously to cause no appreciable change in the composition of an isomeric allylic 
bromide mixture (Bateman and Cunneen, joc. cit.). Actually no marked advantage was 
realised as confusing skeletal absorption still persisted in the infra-red spectrum, but the 
structural deductions derived from the methoxy-derivative could be fully substantiated. 
Strong absorption at 820 cm.~! (as well as at 1670 cm.-') identified the main unsaturation pattern 
as CRCHR; weaker absorption at 887 and 1645 cm.-* revealed a much smaller proportion of 


© This and similar designations denote the isolated substitution products. 
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CR,CH, groups. Less than 5% of CHR°ICHR groups (as judged by adsorption at 965 cm.-*) 
were present, a finding correlative with the absence of conjugated diene as shown by ultra- 
violet absorption (cf. methoxydihydromyrcene). 

In principle, the extent of peripheral bromine substitution (type A in Table I) may be 
estimated by making use of the structural feature of reactions between allylic magnesium 
halides and carbonyl compounds that substitution occurs exclusively at the more alkylated 
carbon atom of the allylic unit (Roberts and Young, /. Amer. Chem. Soc., 1945, 67, 148, 319; 
Young and Roberts, ibid., 1946, 68, 1472). For example, the Grignard derivative of gerany! 
bromide (I; Rt = R® =... KR’ = H; R* = Br) and carbon dioxide yield isohomogeranic acid 

‘ «x, ULL; X = CO,H). Bromine replacement thus generates an 
Gt nee anemia equivalent number of CHRICH, and (or) CR,CH, groups, which 
_—e are conveniently detected and estimated by infra-red absorption 
methods. The present proposed application met with an unexpected difficulty in that 
dihydromyrcenemagnesium bromide, in contrast to the isomeric gerany!l compound, did not 
react with acetone, acetophenone, acetaldehyde, or carbon dioxide. During these attempted 
reactions, self-condensation of two C,,H,, units occurred to yield a hydrocarbon mixture 
isomeric with the known digeranyl and isodigeranyl (Barnard and Bateman, J., 1950, 
932}. Analysis of the unsaturated units of this product can actually provide the information 
sought, but the departure from equivalency between bromine replacement and vinyl- 
group formation, as well as the increased molecular complexity, impose a further limit to 
accuracy. Coupling reactions of the Grignard derivatives of primary allylic halides produce 
almost exclusively the olefins formed by primary—primary and primary—secondary (or —tertiary) 
union of the allylic carbon atoms. The relative proportion in which these are formed varies 
from compound to compound: for crotyl- (Young, Roberts, and Wax, J. Amer. Chem. Soc., 
1945, 67, 841), cinnamyl- (Koch, /., 1948, 1111), and geranyl-magnesium halides (Barnard and 
Bateman, joc. cit.), the ratios are 1: 8, 1:4, and 1: 2, respectively; or, in other words, the 
proportions of the whole dimerised products containing CHR:CH, or CR,°CH, groups, as the 
case may be, are 89, 80, and 67%, respectively. The allylic units containing terminal carbon 
atoms in dihydromyrcene bromide are of two types: C,-C,-C,, C,-C,-C,, and C,-C,-C, are 
primary-secondary systems, and C,-C,-C, is primary-—tertiary. From the above, it is 
reasonable to assume that 85°, of the *' dimer “ molecules formed from the first type will contain 
CR,-CH, units and 70% from the second type will contain CHR:CH, units. The infra-red 
spectrum of the total product isolated simulates the spectra of the related derivatives in showing 
strong absorption at 820 cm.~', indicating that CR,°CHR remains the main unsaturation pattern, 
and also bands at 8090 and at 910 cm.-' (as well as 1645 cm.~'), indicating considerable 
concentrations of CR CH, and CHR:CH, groups, respectively. The existence of an appreciable 
fraction of peripherally substituted isomers in the parent bromide is thus established. 
Measurement of extinction coefficients at 890 and 910 cm.~-! and comparison with appropriate 
standards (see Experimenta!) indicate that approximately 30 and 11%, of the molecules contain 
the two vinyl groups, respectively. Accordingly, the proportions of the bromodihydromyrcene 
isomers substituted at C,, C,, and C,, and at C, are about 31 * and 16% respectively 


Taste Ul 
Spectro Relative propn. of 
Derivative scopic ) total groups listed, % 
Unsaturated group examined method Found Cale.*® 
CRSCHR methoxy ¢ infra-red 125 92 
( 7 etho > 4 r a <5 > 4 
‘ rikect K ethit " he ae <5 6 
of trans 


) 
od-Diene methoxy} ultra-violet 18 
methyl / 


CROCH, indicative of dimer { infra-red 31 
CHRCCR-CH, Br in bromide 

CHEROCH, indicative of dimer ¢ infra-red 16 
CR,CH-CH,Br in bromide 


* See Table | + Comparison standard: geranyl methy! ether. 
{ See p. 3061 for comparison standard 


A summary of the estimations of the various groupings is given in Table II. It will be seen 
that compared with the calculated values all are too high in an absolute sense (cf. p. 3046), but 


* This figure has been corrected for the 10% contributed by the isomeric CH,;CR-CH(Br)R groups. 
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that good agreement exists in their relative proportions. Although the inadequacy of our 
methods for detailed analysis is obvious, we believe that these results leave no doubt concerning 
the general correctness of the theoretical picture and the product heterogeneity that it specifies. 


EXPERIMENTAL. 


B dihvds ne.—2 : 6-Dimethylocta-2 : 6-diene (138 g., 1 g.-mol.) (Bateman and Koch, /., 
1944, 600), N-bromosuccinimide (62-4 g., 0-35 g.-mol.), carbon tetrachloride (200 mi.), ae Sew 
peroude OO 56 Cane MENS eae reflux until the reaction was complete (20 s). The product 
consisted of three fractions (1) b. p. 42—48° 0-04 mm ; 
2a wif 1.4902 (Pound: C, 48; H, &2 vp ae for Infra-red absorption spectra. 

C, 553; H, 7-9; Br, 368%); (®) Path lengths: a ~01 mm., 6 ~005 mm 
Sida a: nif 1-5050 (Found : C, 55- ae ; ~~ ay . 
Br, 36-7%): (3) b GL} cess (rouns : | O«., 0 ~O605 mam., 6 ~OO0 mm.) 
(Found: C, 544; , 78%); and some tar. 
ation of 12-6 g. of a a, : (fa) b 4 
38°/0-01 mm. 3 ¢., : Ea» » 1, 


Fiend: | Sioa ox (2) > per Soma 3 Nee/ 


1.5051 
Fractions ‘dy tak cowed almost identical infra-red 
a jon betwr + hoe ona 0000 con.* Glare: curve C); 
a bulked samp isplayed no selective ultra-violet 
absorption (at > 2100 ,.), but the absorption intensity at 
2350 a. (log ¢ ~ 3-6) resembled that of other allylic a 
(Bateman, Cunneen, Fabian, and Koch; Bateman and 
Canneen; locc. cit). The bromine (99%) was eliminated 
by treatment with boiling alcoholic silver nitrate for 20 
minutes (cf. Bloomfield, ioc. cit.) 


The bromide was also obtained, although in poorer 
yield (based on the N-bromosuccimimide), by heating 
under reflux equimolecular proportions of the reactants 
im carbon tetrachlonde containing a little benzoyl per- 
oxide for eight hours, and by ultra-violet irradiation 
(Hanovia $.500 mercury ) for one hour of a similar 
but peroxide-free mixture refluxing in glass vessels. 

Dibromodihydromyrcene.—The olefin (8 g.), a 
succinimide (20 g.), carbon tetrachloride (40 ml.), 
benzoyl peroxide (1 a.) were heated under reflux — 
12 hours. The product consisted of a small Se of 
the monobromide, a brown oil, b. p. 70-—100°/0-0) mm. 
45 ¢.), and much tar. Fractionation of the oil yielded 
dibromodihydromyrcene, b. p. 80-—90° /0-01 mm. [Found 
fir (by reaction with boiling alcoholic silver nitrate), 53-7. 
C,,H,,.Br, requires Br, 541%), as an unstable straw- 
coloured of] (2-5 g.). Redistillation at 10° mm. from a 
bulb at 60° to an adjacent one cooled in'liquid oxygen 
afiorded a very pale yellow product, whose ultra-violet . 
absorption spectrum simulated that of the monobromide 
no selective absorption at A > 2100 a., log tysg, = 3-8) 

M cthorydihydromyrcene Bromodihydromyrcene (b 
46—54" 0-05 mm.; #7 1-5045) (7 g.), sodium mothouice 
6 g.), and methyl alcohol (50 ml.) were heated under 
reflux in nitrogen for two hours. Distillation of the 
product, b. p. 80-—065°/14 mm., from sodium gave the 
analytically pure ether (3-7 @.), b 78—87°/12 mm., 
nf 1.4597 Found: C, 78-6; H, 12-0%; F (by hydrogen- 
ation), 100. C,,H,O requires C, 786; H, 11-90%; G. Methyldihydromyrcene. H. Dihydro- 
", 200). Its ultra-violet spectrum had A... 2350 a. myrcen 
(@ « 1650), 2710 a. (@ - 1200) (in ethy! alcohol) ; 


2350 a. (¢ = 2650), after it had been heated with methyl! alcoholic potassium hydroxide (20%) at 165° 
for 48 hours 


FR ee pete om ~-—Bromodihydromyrcene (as used in the above preparation) (10 g.) in dry 
ether (15 ml.) was added during ten minutes to Das Cee ss nee ee & Saas a 
room temperature, and the mixture then heated under reflux for 15 minutes. Methyldihydromyrcene 
was collected in two fractions: (1) (2-4 g.) b. p. 62—63°/10 mm., Thea yet C, 866; H, 13-4. 
C,H wires C, 86-8; H, 13-2%); 2-6 g.) b. p. 63-—65°/10 mm. 1-4558 (Found ; C, 86-7; 
Hi Soh which had indistinguitable tniresed Sie pion epectra (Agere, curve G). The ultra-violet 
ee 2740 a. (¢ = 1500). On treatment with alcoholic potassium 
hydroxide as described for methyl > anathas ehecagtten SanG eggeased, Aus, S588 a. (e =» 3150). 
Preparation and Attempted Reactions of Dihyds Bromide. — Bromodibydro- 
myreene showed reluctance to form a Grignard derivative and the addition of a little methyl! iodide was 
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eusential to imitiate the reaction. The solution obtained failed to react with acetone, acetophenone, 

yde, or carbon dioxide, and at to cond the liquids directly with the bromide in the 

paw pee of magnesium were equally ansuccessful. It was noted that the reaction between the bromide 
and magnesium was actually suppressed by the addition of the carbonyl! compounds. 


Dihydromyrcenyldihydrom yrcene —The solution from bromodihydromyrcene (15 g.), magnesium (5¢ ), 

ether (110 mi), and a little methy! iodide was poured on excess of solid carbon dioxide — acid 

oduct could be isolated. The neutral product was ha eae gag Ew (8 g.) p. 8o— 

or pee mm. wif 1.4840 (Pound ; C, 87-6; H, 126 H,, requires C, 87-6; H, 12-4%). ecistveae 

ure, curve //) differs notably from the planed dn derivatives in showing quite strong absorption 

due 9 c H “CH, and CRSCH, groups; the respective molecular extinction coefficients at 910 and 
800 cm.“ measured in carbon tetrachloride were 17 and 47. 


Geranyl Bromide. *— Purihed geraniol (64 ¢.), anhydrous we (39 ml.), and ether (175 ml.) were 
cooled to 0° and thiony! bromide (" Inorganic Syntheses,” 113, McGraw Hill Book Co., New 
York, 1939) (b. p. 63-65" /52 mm_; 87 g.) added dropwise during 1-5 hours. The mixture was left at 
room temperature overnight, the precipitate fitered, off, the filtrate washed with aqueous sodium 
hydroxide (0-5n.) and then with water, and dred, and the solvent evaporated. Gerany! bromide (38 g.) 
distilled from the residue at 47—48° 0-005 mm. It had 1.5027 [Found : Br (by combustion), 36-5; 
{by ape with boiling aleoholic silver nitrate), 35-0. Calc. for C,H,,Br: Br, 368%). This bromide 
boon prepared previously by different methods (Sci. Ind. Rep. Roure-Bertrand Fils, 1909, 10, 19: 
Itt. 3.1 ner-Jauregg and Arnold, Annalen, 1937, 689, 274) but inadequately characterised. Its 
infra-red absorption spectrum shows it to be essentially the primary allylic isomer (cf. geranyl chloride 
Barnard ¢f al, loc. cst.) Whilst exhibiting the usual instability associated with allylic bromides, it is 
much more stable than bromodihydromyrcene 





Geranyl Methyl Ether.—-This ether, prepared as described = = dihydromyrcene isomer, had b. p 
—91°/12 mm, aff 14600 (Pound 780; H, 121 Wayans C, 786; H, 11-9%) 
Spectroacc examination proves it to be virtually pure (I; qe Rt = H; R* = OMe), 
which establishes that the bromide is sumiuarly constituted (cf. above) 


isoHomogeranic Acid.—The solution from gerany! bromide (10 g.), magnesium (4 g.), and ether 
(®) mil.) was poured on excess of solid carbon dioxide (100 f’., The — product (0-5 g.), b. p 
102°/0-06 mm. (Found: C, 724; H, 101. Cale. for C,,1 C, 72-5; H, 99%), was pure 
tsohomogeranic acid (111; X » CO,H) (Barnard and Bateman, iy ct.) 


Geranyl Dimer.-—Fractiona] distillation of the non-acidic product from the above reaction gave 
after rejection of a little lower-boiling material) a hydrocarbon, b. p. 100—110°/0-06 mm., nf 1.4829 
Found. ©, 876, H, 124. Cale. for CL.H,,: C, 87-6; H, 124%). Direct comparison identified this 
ay t with the digerany!ssodigerany! mixture isolated previously by Barnard and Bateman (loc. cs 


he infra-red spectrum (cf. Barnard ef al., loc. cst.) differs from that of the dihydromyrcene dimer in 
showing no absorption attributable to CR,CH, groups, but stronger absorption due to CHR:CH, groups 
The molecular extinction coefficient at 910 cm.', measured in carbon tetrachloride, was 95, indicating 
that 61%, of the molecules contain these groups. This figure is in good agreement with Barnard and 
Rateman's separation of the mixture into | part of digerany! (containing no CHR-CH, groups) and 2 parts 
of tsodigerany! (containing one such group 


Bromo-2-methylpent-2-ene.-Fraction (iii) of the preparation of 2-methylpent-2-ene. described by 
Karnard ¢¢ al. (loc. cit.) (37 g.), N-bromosuccinimide (78-5 ¢.), carbon tetrachloride (250 ml.), and benzoy! 
peroxide (0-2 g.) were heated under reflux for 30 minutes. The required product (10 g.) had b. p. 51 
60° /20 mm. (Found: C, 440; H, 66. C,H,,Br requires C, 44-2; H, 68%). The corresponding 
methoxy-derivative had b. p. 114--121°/776 mm. (Found: C, 73-6; H, 12-7. C,H,,0 requires C, 73-7; 
H, 12:3% 

Interpretation of the Infra-red Spectra.—The correlation of “ characteristic *’ infra-red absorption 


bands with the mode of ethylenic substitution followed well-established rules (see Barnard ef al., loc. cit 
certain anomalies were also noted, however, which are discussed below. 


BKromo-2-methylpent-2-ene, geranyl bromide, and bromodihydromyrcene all displayed an unusual 
CH,CHR double-bond stretching frequency value of 1653 cm.~', whereas the derived methy! ethers and 
hydrocarbons, as well as geranyl chloride (Harnard ef a/., loc. cit.) absorbed normally at 1670 cm. The 

ause of this apparent anomaly is obscure, particularly in view of the usual, expected value of 1640 cm.~ 
occurring in the analogous allyl bromide. The band observed at 995 cm.-' in both bromo-2-methylpent- 
Z-ene and bromodihydromyrcene is confidently attributed to the group CHRBr-CR°CH, since the 
displacement from the normal hydrocarbon characteristic frequency value of 890 cm.“ is quite analogous 
to that of the CHECCH, 910 cm band to 925-930 cm.~' which occurs in allyl chloride or bromide 
{. Barnard ¢f al., joe. est Similarty, the CR,-CH, groups absorb at 900 cm. in the allyl-substituted 
methyl-2-methylpent-2-cne, but normally at 890 cm.“ in the two hydrocarbons shown 


The uncertainties introduced by “ skeletal '’ frequencies are well illustrated by the series of methyl 
ethers The structurally pure geranyl methy! ether (I R! Rt k’ H R* OMe 
exhibits non-charactertstic bands at #14 and 952 cm.-', whereas methoxy-2-methylpent-2-ene evidently 
possesses structurally characteristic absorptions at 900 and 962 cm.“ As might be expected, all four 
frequencies appear in methoxydihydromyrcene, making structural diagnosis uncertain and quantitative 
analysis impossible 


* An imprecisely worded addition to an earlier paper (/., 1950, 938) classified gerany!] bromide as a 


bromo-1 : 4 diene This inadvertence in no way weakens the argument advanced therein 
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The following molar decadic extinction coeficsents were estimations: CR CH,. 

e (at 890 cm.) « 155 (Barnard of al., dec. ett.) Sens CHICCHR cm.) = 140 (Hampton, 
Analyt. Chem., 1949, 21, 923) ; and CHRICH, : (at 910 cm") = iss | (Hampton, joc. cit., and oar own 
unpublished data on oct-l-ene). 


ietchthe tra were recorded by Miss J. M. Fabian with a Grubb- Parsons beam instrument 
(cf. Barnard, and Koch, /., 1949, 2 2), but the tality of Mr. H. A. Willis of the Infra-red 
Laboratory a Imperial Chemica) Industries Limited ( ics Division), where a Hilger D.200 
spectrometer was available, is also gratefully acknowledged. 
Barrise Russer Propucers’ Reskarcu Association, 
48, Tewin Roap, Wetwynx Gaxpew Crry, Hexrs. (Received, Jume 20th, 1950.) 


597. Dehydrobromination Experiments with Bromodihydromyrcenc. 
By L. Bateman, J. I. Cunnegn, and H. P. Kocn. 


The olefinic mixture obtained by thermal decomposition of dihydromyrcene collidinium 
bromide has been analysed semiquantitatively . it contains about 20%, of aleocimene. Gerany! 
pyridinium bromide similarly yields ocimene and tene. Bromodihydromyrcene 
reacts with alkali to yield almost entirely substitution ucts. The mechanisms of these 
reactions are discussed. 

alloOcimene is not produced in appreciable yield from bromodihydromyrcene by Dulong, 
Dulou, and Defay’s method (Bull. Soc. chim., 1949, 16, 310). 


Fottowts the classic work of Ziegler and his collaborators (Annalen, 1942, 551, 80), the 
conversion of mono-olefins into conjugated diolefins by reaction with N-br de and 
subsequent dehydrobromination of the resulting allylic bromides has become a common 
procedure. The analogous preparation of acyclic conjugated trienes has received scant attention, 
but their formation from y(or 3)-bromo-ae-dienes would be expected to be facilitated by the 
complementary activation of the adjacent allylic hydrogen and bromine atoms by separate 
olefinic centres. The conversion of the long-chain polyisoprene, natural-rubber hydrocarbon, 
into the corresponding fully conjugated polyene would provide an extreme example of this 
process. The somewhat anomalous composition of the intermediate bromide (Bloomfield, /., 
1944, 114) and the physical nature of the components render this a difficult system for detailed 
study, and the dehydrobromination of the di-isoprenic derivative, bromodihydromyrcene, has 
therefore been examined first. The particular advantage, apart from the comparative molecular 
simplicity, is that the desired dehydro-product is the well-characterized hydrocarbon, alloocimene 
(I), and any additional or alternative products will also be known monoterpenoid compounds 
or closely related isomers. On the other hand, a complicating factor arises from the isomeric 
heterogeneity of the bromide. In the preceding paper, this heterogeneity has been analysed 
semiquantitatively and it has been shown, consistently with certain theoretical considerations, 
that approximately 60% of the molecules have undergone substitution at one or other of the 
central methylene groups, 20°, at a methyl group, and the remainder at one of the originally 
doubled-bonded carbon atoms. Dehydrobromination as envisaged above would thus afford 
alloocimene to a maximum yield of 60%, but this could be increased by about 15%, if isomer- 
ization of the 2-bromo-A*'*- and 7-bromo-A? *-constituents accompanied their decomposition 
Further, if the belief of Ziegler ef al. (loc. cit.) to have synthesized dodeca-1 ; 3 : 5-triene from 
1 : 4-dibromododeca-2-ene is correct, then more deep-seated rearrangements leading to 
conjugated-triene formation are evidently possible. However, since all the transformation 
products which we have obtained from bromodihydromyrcene proved to be mixtures boiling 
over a wide range, the prevailing tendency seems to be for the isomeric complexity to be increased 
rather than diminished 

Description of Experiments —Bromine elimination from bromodihydromyrcene occurred on 
reaction with cold dilute, and with hot concentrated, alcoholic alkali (i.¢., under extreme F1 
and £2 conditions; Hughes, Ingold, Masterman, and MacNulty, J., 1940, $99), with aliphati 
and aromatic amines, with sodamide in liquid ammonia, and on passage through an alumina 
column. The latter treatment produced highly complex, partly polymeric mixtures containing 
a negligible proportion of acyclic conjugated triene (cf. Sutton and Datta, J., 1949, 939). The 
common characteristic of the other reactions was a marked propensity for substitutive bromine 
replacement rather than elimination of the elements of hydrogen bromide. 

The reactions in alcoholic alkaline media yielded mixtures of the corresponding alcohol and 
ether, containing only a very small amount of olefin. With sodamide in liquid ammonia 
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bromodihydromyreene reacted mildly (contrast the behaviour of certain allylic chlorides ; 
Kharasch ef al, J. Amer. Chem. Soc, 1939, 61, 2318; 1940, 62, 2034; 1943, 65, 11) to form 
partly an amine substitution product (cf. geranyl chloride; Kharasch, Nudenberg, and Fields, 
sbid., 1944, 66, 1276) and partly an olefinic mixture. The latter contained only about 10% of 
(1) and about the same proportion of structures such as (II) and (III), possessing 
acyclic conjugated diene units. 


CMeCHCHICH-CMeiCHMe (1) CH CMe-CHICH-CH,-CMeiCHMe (IL) 


CMeiCH-CH CHICMe-CHICH, (IIL) CHyCMe—<  >—Me IV.) 

When the quaternary ammonium salts derived from bromodihydromyrcene were heated to 
above 100° in the absence of oxygen—preferably in a hydrocarbon solvent—the usual decom- 
position ensued. The olefinic mixture thus obtained via the collidinium salt was examined in 
some detail. No separation of the constituents could be achieved, either by means of crystalline 
derivatives or by distillation through the available fractionating columns, but the refractive 
index and spectroscopic properties specify fairly definitely that the composition is approximately 
20% of (I), 40% of (11) and ocimene (III) * in comparable proportions, and 40°, of cyclic 
unconjugated dienes, probably mainly (1V). A similar experiment conducted with the 
structurally homogeneous gerany! bromide yielded no (I) or (11), but about 60% of (III) and 
40%, of (TV). 

After completion of the above work, Dulong, Dulou, and Defay (Bull. Soc. chim, 1949, 16, 310) 
reported the preparation of bromodihydromyrcene by the addition of N-bromosuccinimide to 
the olefin dissolved in acetic acid at 15—20°, its hydrolysis in aqueous acetone containing 
calcium carbonate, and the dehydration of the resulting carbinol (not isolated or characterized) 
to alleocimene. This triene was stated to be identified by its Raman spectrum; no reference 
was made to its refractive index (n7? 15446) or ultra-violet absorption spectrum, or even its 
boiling point, nor were its Diels-Alder adducts prepared.. We have confirmed the remarkable 
ease of allylic bromination under the conditions described, \but the overall reaction is evidently 
more complex than indicated since bromodihydromyrcene is accompanied by an additive bromo- 
acetoxy-derivative (cf. Backer, Stevens, and Dosi, Rec. Trav. chim., 1948, 67, 451). The claim 
to have synthesized alloocimene, however, could not be substantiated. The paper of Dulong 
eft al. is lacking in precise experimental details, but we have sought to repeat their work, using 
several possible modifications, and have failed to obtain analytically pure specimens of the 
intermediate carbinol or of its dehydration product. The refractive index of the latter was 
always less than 1475 (at 20°), and the negligible alloocimene content thus indicated was 
confirmed by spectroscopic examination. In view of the dehydrobromination results, this 
finding is not surprising because the carbinol will be of even greater isomeric complexity than the 
parent bromide because of the typical S,1 hydrolysis procedure employed (Catchpole, Hughes, 
and Ingold, /., 1948, 8) 

Diseussion.-The course of the quaternary-salt decomposition may be considered first for 
the simpler case of the pyridinium bromide derived from the structurally homogeneous gerany! 
bromide (V). It follows from the work of Hughes, Ingold, and Patel (J., 1933, 526) on saturated 
2-p-nitrophenylethyltrimethylammonium halides and hydroxides that in the case of weakly 
basic anions such as bromide, unimolecular ionic decomposition (E1) of the ammonium cation 
is the most likely process provided that the resulting carbonium cation is relatively stable : 
such stabilization certainly characterises the cation (V1) owing to resonance with the structures 


CMe SCH-CH CH CMeCHCHY NCH, Br- (V.) 
+ 
CMe SCH-CH, CH, Me-CHICH, <-> CMeSCHCH,CHyCMeICH-CH, <> CMe,—< 


Nasal 
(VII) VI) (VILL) 


~—s, 


(VII) and (VIII). The actual products obtained, viz. (IIT) and (IV), are those to be expected 
to result from the subsequent loss of a proton from (VII) and (VIII), respectively, so that the 


* Ocimene is sometimes formulated as the A''*''-isomer (Simonsen and Owen, “ The Terpenes,” 
Cambridge, 1947, p. 19), but the identity of its dihydro-derivative with that derived from myrcene, and 
recent physical evidence demonstrating the rarity of tsopropeny! end-groups in natural acyclic mono- 
terpenes seem to favour (IIT) almost decisively. 
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simple mechanism here outlined appears sufficient to account for the composition of the 
Bide, Henbest, Jones, Peevers, and Wilkinson (iid, 1948, 1783) similarly found that the El 





E2 elimination (initiated by the weakly basic free bromide anion attacking a labile hydrogen) is 
in any case unlikely to occur in our own experiments on bromodihydromyrcene which were 
conducted in a non-ionizing medium in the presence of a hydrocarbon diluent. 

Consideration of the decomposition product furnished by the quaternary salt derived from 
bromodihydromyrcene reveals that the unimolecular ionic-elimination mechanism no longer 
suffices to give a satisfactory account of the proportions of the various hydrocarbon isomers 
formed. In particular, it is difficult to explain the high yield of unconjugated cyclic diene, and 
to reconcile the low yield (ca. 20%) of alloocimene (I) with the known high proportion (ca. 60%) 
of starting materia! substituted at one or other of the two central methylene groups of dihydro 
myreene (cf. preceding paper). Thus, the carbonium cation (IX) derived from 4-bromodihydro- 
myrcene would be expected to become most easily stabilized by loss of a proton to give the fully 
conjugated triene (1), rather than undergo the alternative stabilization provided for by the £1 
process, viz. formation of the less highly conjugated (11) via the mesomeric form of the ion (X) 
The difficulty may be overcome if the possibility of a non-ionic intramolecular elimination 
process is envisaged (cf. Barton, sbid., 1949, 2174). When the 4-substituted ammonium salt is 
written in the sterically plausible configuration (XI), it is seen that any incipient ionization to 
give the ion (X) may be powerfully assisted by the incipient proton being situated in close 
spatial proximity to the free base which is being liberated at the same time. In other words, a 
low-energy non-ionic cyclic transition state (XII) is possible, leading to the formation of con- 
jugated diene (Il) rather than the expected conjugated triene for whose formation no such 
favourable transition state exists. Direct intramolecular attack on a C, hydrogen by the 
bromide ion is not plausible since the negative charge will be strongly held by the neighbouring 
positive ammonium pole, and since in any case E2 eliminations are generally supposed to proceed 
in the frans-configuration only (cf. Hughes, Ingold, ef a/., bid., 1948, 2093). Analogous intra- 
molecular transformation through a cyclic transition state may be realised by the quaternary 
salt of dihydromyrcene substituted at C,, leading to the conjugated diene (III). The 
unexpectedly low yield of the desired conjugated triene (I) may thus be understood. 


CMe CH-CH-CH,CMeiCHMe (1X. CMe CHICH-CH,CMeiCHMe (X.) 


AMeiCHMe om cH, AMeiCHMe 
CH—CHY CH—CHY 
‘ 6 a 
‘H “3 H 
Br- (XL) Bir~ (XII) 

The apparent formation of about 40% of unconjugated cyclic diene, presumably in the main 
dipentene (IV), is more difficult to explain. The £1 mechanism is clearly insufficient since 
only that proportion of bromodihydromyrcene substituted at C,,, i. the gerany!l form (V), 
could furnish dipentene by this process. Possibly, the compounds substituted at C,,, and C,,, 
can decompose through an intramolecular cyclic transition complex such as (XILI). 


Me, AN ,-CH,y, 
CCH Me 
cu’ “cH, —CH” (rv) 
—. (XU) 


In the case of the other decomposition reactions which we have studied, the almost exclusively 


exceedingly 
comprehensive study of hydrogen halide elimination from saturated alkyl and aralphy! halides 
under comparable conditions, 

unsaturated substituents at its ends (Hughes, 

bromide reacts some ten times faster than »-propy! 

55° and the proportion of the decomposition yielding styrene is about ten 
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propene. A bromodibydromyrcene isomer produced by bromine substitution at one of the 
central methylene groups may be considered as a composite |- and 2-etheny! substituted cthyl 
bromide. Now, in the analogous pheny! compounds (no ethenyl compounds were examined), 
the ease of the elimination reaction when the substituent is in the 2- rather than the |-position is 
attributed to the inductive electron-attraction and the mesomeric electron-release powers of 
the substituent both being exerted favourably from the 2-position (the —/J effect aiding the 
removal of the relevant hydrogen atom by the nucleophilic reagent, the +T effect aiding the 
formation of the double bond as a consequence of the development of conjugation), but only the 
second of these is exerted effectively from the 1-position : 


CH. 
x v 


H 

“Yy = 

OERt OEt 
However, it is well known that a substantial fraction of an inductive electronic displacement is 
transmitted through one carbon atom, and hence in an a-bromo-2%-diethenyl 
{‘ Et structure the dual activation of the a-carbon in this way will enhance its 
electropositive character and thus increase its susceptibility to nucleophilic 
attack (inset). The present findings suggest that such activation actually 
predominates over the alternative modes. This behaviour is expected to be 
more markedly developed in ethenyl than in pheny! derivatives, since the 
former groups exhibit less extensive electromeric polarizability than the latter, but are simular 

in their — / character 


v* 


EXPERIMENTAL. 


Except where stated otherwise, bromodihydromyrcene was prepared as described in the preceding 
paper and had b. p. 35-—40° 0-01 mm 


Dehydrobromination of Geranyl Bromide.—-A mixture of geranyl bromide (10 ml.) and redistilled 
pyridine (20 mi.) was degassed, sealed under vacuum in a glass bulb, and heated at 140° for 0-5 hour 
After cooling, the mixture was poured into water and extracted with ether. The product consisted of 
two fractions: (a) (1 g.) b. p. 58—62°/14 mm., nif 1-4785 (Pound ; C, 880; H, 11-5. Cale. for C,,H,, 
C, 8&2; MH, 11-89%); (6) (1-5 «.) b. p. 110-—114° 14 mm., nif 11-4748 (Found: C, 78-4; H, 11-9. Cak 
for C,H,.O: C, 78-0; H, 11-68% The latter is apparently a primary alcohol, not geraniol but possibly 
4 cyelegeraniol, whose origin has not been investigated Fraction (4 possesses a single, strong ultra- 

iolet absorption band at 2280 a. (¢ «= 14,700), indicating the presence of about 60%, of an acyclic 
onjugated 2- and/or | : 3-diaky!lbutadiene chromophore (Booker, Evans, and Gillam, /., 1940, 1453; 

American Petroleum Institute, Research Project 44, Ultra-violet Absorption Spectrogram,"’ No. 67) 
The infra-red spectrum (fig., 4) exhibits characteristic olefinic absorption at 890-910 and at 990 cm.~' 
but no bands near 065 or 700 cm.~', so that the butadiene chromophore cannot be | : 3-substituted but 
must be the |: 2-substituted compound (III The remaining ultra-violet-transparent 40% of this 
fraction is assumed to be mainly dipentene, in agreement with the strong absorptions at $90 and 500 cm. 

f. A.P.L., toe, ett., Infra-red Absorption Spectrogram, No. 563) 


Reaction of Bromodihydromyrcene anth Collidine.—The addition of s-collidine (54 ml.) to bromodi- 
hydromyrcene (18 g.) in cyclohexane (54 mil.) resulted in the precipitation of the water-insoluble 
collidinium salt. When the mixture was heated in an evacuated sealed tube at 140° for 1 hour, water- 
soluble collidine hydrobromide was precipitated This was filtered off and washed several times with 
evelohexane (200 ml. in all) The filtrate and washings were extracted twice with 3n-sulphuric acid, 
washed with water, and dried, and the solvent evaporated The residue was distilled from sodium. the 
distillate (6-5 g.; 58%.) had b. p. 50-—77°/13 mm., #F 1-490 (Found: C, 880; H, 11-8%; PF (by micro- 
hydrogenation), 2-58. Calc. for C,,H,,: C, 882; H, 11-8%) 


This mixture could not be resolved either chemically or by the available physical techniques, but 
analysis of the main constituents is possibile as follows © The origin and elementary analysis of the mixture 
Bpex ify its constituents as acyclic trienes having at least two of the double bonds conjugated, or cyclic 


resent in the proportion 58: 42, respectively.* The ultra-violet absorption spectrum has two bands 

TINO a. (e 10,000) and 2730 4. (e 7,500), which signify respectively the presence of 40%, of 
an acyclic conjugated | 3- (11) and/or 1 : 2-dialkylbutadiene (111) chromophore (see above), and 20%, of 
acycle conjugated triene, 1 ¢. alleocumene (1) (not a substituted cyclohexa-1 - 3-diene such as a pyronene 


' 4 _ i 
which would absorb at 2630 4.; comparative \ ata privately communicated by Dr. L. A 


structures containing two double bonds. Quantitative hydrogenation shows both these types to be 


tra-vioiet d 


* Bromine absorptions were ydrocarbon from gerany! ! mide, 2-04: hydrocarbon from bromodi- 
hydromyrcene, 240: synthetic mixture (p 3056 < n 0: alloocumenc, 2-26 ¢.-m mol. 
e-Pyronene differed from the above in evolving hydrogen bromide, and consistent results were not 
obtained 
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Goldblatt). These « nds account for the triene constituents, appreciable cyclic conjugated diene 
1s judged to be absent the absence of further selective absorption regions in the ultra-violet and 
also from the absence of infra-red near 720 cm.“ (fig., 8) which would be expected to occur in 
the presence of an unsubstituted dou bond in a eyelohexene ring (¢.g. a pyronene) (cf. also footnote 
p. 3054). The remaining 40% of the hb mixture must therefore consist ofa 
non-conjugated cyclic diene, presumably 

satisfactory overall similarity of the ultra-violet [ 

infra-red (hg., C) tra of a “ synthetic  hydrocar 

volume each of au tic alloacrmene and dipentene to three 


erany! bromide) to the o spectra of the 
Siserences aoe the toe exten Wands 0000 and 908 om found in the b 
hydromyrcene (fig., 3). The former is undoubtedly associated with the trans-CHR°CHR grou 

1:3 yibutadiene (II), the same group absorbing at $60 cm.“ in ailoocimene (I) (fig., C). 
similar intensites of the 968 and 950 cm. absorptions in curve C suggest that the proportion of (11) in the 
mixture may be comparable to that of (I) (i-¢. 20%), so that the total conjugated diene (40% from the 
ultra-violet yes _— to contain comparable 
amounts of (IT) and (III). The origin of the strong 
band at 745 cm.“ is obscure. 

Reaction of Bromodihydromyrcene with Other Amines. 
—The bromide reacted rapidly with pyridine, quinoline, 
or triethylamine in dry ether at room temperature, the 
quaternary salts (oils from the aromatic amines, a solid 
from the aliphatic) separating within a few minutes. 


Reaction of Bromodihydromyrcene with Sodamide tn 
Liquid Ammonia.—To a solution of the bromide (30 g¢.) 
in liquid ammonia cooled to —40"°, sodamide (6 g.) 
was added with vigorous stirring. No noticeable re- 
action occurred. The cooling bath was removed, the 
stirring continued for two hours, and the solution then 
kept for a farther five hours. Ethanol (100 mi.) and 
water (750 ml.) were added successively and the pro- 
duct extracted with light petroleum (b. p. 60-—80°) 
The extract was washed three times with dilute 
hydrochloric acid, then worked up in the usual way, 
and the product distilled from sodium : (a) (3 g.), b. p 
58—63°/12 mm., wP 1-465, A. 2280 a. (e = 1770), 
2730 a. (e = 4850) (Pound ); @) 
(0-5 g.), b. p. 63-—76°/12 mm., (c) b. p. 7 
wh 1-529 (Found: C, 846; H, 11-6%) 
washings yielded amimodihydromyrcene (3-5 g.), b. p 
93-—96°/12 mm., nf 1-4769 (Pound : C, 780; H, 12-4; 
N,@5. C,H N requires C, 78-4; H, 12-6; N, 91%), 

w A 
which reacted rapidly with atmospheric carbon dioxide. 0 7) Boo ) 

Reaction of Bromodihydromyrcene with Hot Con- em 
centrated Alcoholic Sodium Hydroside.—The bromide A, Hydrocarbon from geranyl bromide 
8 mi.) was added dropwise during 2-5 hours to a #8, Hydrocarbon from bromodihydromyrcene 


boiling solution of sodium hydroxide (10 g.) in ethanol C, Synthetic hydrocarbom misture (cf. Expert- 
(9) ml.) and water (10 ml.). After removal of most mental). 


of the alcohol by distillation, the residue was diluted 

with water and extracted with ether. The product thus isolated consisted of ie} (0-5 g.). b 70— 
80°/14 mm. (Found: C, 850; H, 12-3. Cale. for 65% of C,H, + 35% of Cy,H,O: C, a00: H, 
11-0%): (0) (0-5 g.), b. p. 80—0"/14 mm. (Found ; C, 61-3; H’ 18%. Cale. for 24%" ot C,H, + 76% 
of C,,H,O: C, 81-4; H, 120%); (c) ethoxydikydromyrcene (2-5 g.), b. p. 90-—-05°/14 mm. (Found: C 
79-2 if 12-3. C,,H,,O requires C, 70-2; H, 12-19%); (dd) lodicaptiiptvempusns (3 mi.), b. p. 056— 
102°/14 mm. (Found: C, 77-3; H, 11-9. C,,H,,O requires C, 77-9; H, 11-7%). The analytical data 
indicate that the proportion of olefin in the total product is ca. 7%. 

Reaction of Bromodihydromyrcene with Cold Dilute Aqueous Alcoholic Potassium Hydroxide.—The 
bromide (3-1 g.), ethanol (40 ml.), water (10 ml.), and um hydroxide (0-8 ¢.) were left at room 
temperature for 9 days. After dilution with water, the mixture was extracted with ether, and the 
recovered product fractionated ; (a) (0-5 g.), b. p. 83-—00°/12 mm., wif 7-467 (Found: C, 76-0; H, 11-4; 
Br, 46%); (6) (0-8¢.). b B 90-95" /12 mm., wif 1-468 (Found : Br, 7-4%); (c) (0-8 g.), b. p. @5—07"/12 
mm., =} 1-470 (Pound: Br, 01%). The ytical figures show that (3-1 — 0-43) g. of bromide had 
decomposed and that not more than 0-1 g. of olefin was present in the product. 

Reaction of Dihydromyrcene with N-Bromosuccinimide in Acetic Acid. —N-Bromosuccinimide (17-8 g., 
0-1 g.-mol.) (see J., 1950, 939) was added during 15 minutes to the olefin (13-4 g., 0-1 g.-mol.) in acetic 
acid (100 g.) at 15—-20° (Dulong, Dulou, and Defay, loc. cit.). The product was isolated by dilution of 
the solution with water and extraction withether. Fractionation gave : (4) (6s). p. 45—56° 0-04 mm., 
nf 1-495 (Found: C, 559; H, 81; Br, 35-9. Cale. for Get 55-3, #; Br, 36-8%); (6) 
(6 ¢.), b. p. 56—74°/0-04 mm., aff 1-488; “i g-). b. p. Ye, 004 mm., 9 1-481. The infra-red 




















: & 
spectrum of fraction (4) was similar to those of Low pene ee oer ty 4 704 otherwise 
(p. 3049). Redistillation of (c) gave: (c,) ge), . p. 48-—60° 0-03 mm., »if SF 3¢.), b. p, — 

. 18; requires C, 52-0; 


62° 6-03 mm., #}f 1-478 (Pound: C, 51-5; 


, 20-6. C,,H,,O,Br H,7-6; Br, 








Davis and Ross : 


absorption at 1245 cm.~ confirms the 
ton at 1370 cm.~! additwnal to that observed in br 











H wis of B yreene im Agueous Acetone, and Dehydration of the Resulting Product.—(i) 

(as fraction (a) above; 6 g.\, acetone (40 ml.), water (80 mi.), and calcium 

carbonate (10 g.) were heated at 100° for 7 hours. into: (¢) (7-3 mi.), 

b. p. 130° /12 mm., a 1-474 (Found ; C, 68-6; H, 10-5. , yO: C, 77-0; H, 11-7%); 
(0) (2 mi.), b. p. 190-134" /12 mm., aff 1-461. On being boiled with 10%, aqueous oxalic acid (20 ml.) 

4 hours, (a) yielded « product, b. p. 63-—-67°/14 mm., =}? 1-459; and a combined sample of (¢) and (6) 

gave & more complex mixture, oe 88" 13 mm, x}P 1-474. In other experiments, one half of the 

crude aleobolic product obtained the hydrolysis of the bromide was heated under reflux with 10% 

ueous oxalic acid solution (25 ml.) for 5 hours, the other half was heated with anhydrous oxalic acid at 

130° for 2-6 hours. The tive products had b. p. 54—60°/13 mm., #7? 1-458 (Found: C, 84-6; H, 

12-6%); and b. p. 6O—71°/13 mm., wf 1-457 (Found: C, 84-4; H, 12-86%). Infra-red spectra showed 

the absence of #ans-CHROCHK grouping in both these liquids, and only the former displayed ultra-violet 

absorption at 2750 a. (¢ « 800, if substance is C,,H,,). 


Hydroxydihydromyrcene.—-This carbinol, previously isolated from the reaction of the bromide with 
hot concentrated aqueous-alcoholic alkali, and also considered by Dulong ef al. (loc. cit.) to result from 
the hydrolysis procedure described immediately above, is readily prepared ma the corresponding acetoxy- 
derivative. Silver acetate (26 g.) was added with vigorous stirring to bromodihydromyrcene (26 g.) in 
benzene (150 mi.}. When the exothermic reaction had subsided, the mixture was heated under reflux 
for 12 hours, more silver acetate (14 ¢.) being added after 6 hours. The benzene solution yielded 
acetoaydihydromyrcene (9 g.), b. p. 100-—112°/11 mm. (Pound; C, 73-4; H, 10-19%; F (microhydro- 
genation), 203. C,,H,.O, requires C, 73-5; H, 102%; PF, 2400) a of this ester with 
potassium hydroxide (6 gz.) im ethanol (30 mi.) at room temperature for 24 hours gave hydroxydihydro- 
myrcene (4g.), b. p. 04-—106°/11 mm. [Found : C, 77-4; H, 11-8; active hydrogen (Zerewitinofl), 0-649% ; 
* (microhydrogenation), 206. C,.H,,O requires C, 77-9; H, 11-7; active hydrogen, 0-€50%; [*, 2-00). 
Light absorption in ethanol : A... 2350 a., ¢ — 950 


We gratefully acknowledge the kindness of Dr. L. A. Goldblatt, Naval Stores Research Division, 
United Grates Department of Agriculture, New Orleans, in supplying us with purified of allo- 
ocimene and «@ and &pyronene, and also with unpublished ultra-violet spectroscopic data of these and 
some related substances 
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598. Aryl-2-halogenoalkylamines. Part VIII. A Comparison of the 
Stability of Esters derived from Some Aryl-2-halogenoalkylamines with 
those obtained from Other Radiomimetic Compounds. 

By W. Davis and W. C, J. Ross 
The rates of hydrolysis of esters derived from certain ary!-2-halogenoalkylamines have been 


measured and compared with those of esters derived from radiomimetic sulphur and aliphatic 
nitrogen “ mustards and also from some a The relative alkali-lability of all these 


esters suggests that acid groups in biologic 


systems which were esterified by these various 
agents would be only temporarily blocked 


Ir has been shown in Part III (/., 1949, 2589) that aryl-2-halogenoalkylamines react under mild 
conditions with anions of organic and inorganic acids to form esters. A consideration of the 
reactivity, at physiological pH, of the various groups present in mixed biological systems towards 
carbonium ions derived from halogenoalkylamines has led to the view that combination with 
acidic groups in proteins and nucleic acids is specially favoured (J., 1950, 815). The esterification 
of carboxy! groups in proteins by compounds of the mustard gas type has been demonstrated ; 
the evidence is drawn mainly from the effects of treatment on the titration curves of the material 
and from the formation of alkali-labile linkages (Herriott, Anson, and Northrup, J. Gen. Physiol., 
1946, 30, 185; Banks, Boursnell, Francis, Hopwood, and Wormall, Biochem. ]., 1946, 40, 745; 
Carpenter, Wood, Stevens, and du Vigneaud, J. Amer. Chem. Soc., 1948, 70, 2551; Ormsbee, 
Henriques, and Ball, Arch. Biochem., 1949, 21, 301). Fruton, Stein, Stahmann, and Golumbic 
(J. Org. Chem., 1946, 11, 571) have shown that the phosphate groups of nucleotides are esterified 
by methyidi-2-chloroethylamine, and the formation of alkali-labile linkages by the action of 
buty! 2-chlorocethy! sulphide on the nucleic acid moiety of tobacco mosaic virus has been 
established by Carpenter ef al. (loc. cit.) 





Aryl-2-halogenoalkylamines, Part VIII. 3057 


Fruton, Stein, and Bergmann (J. Org. Chem., 1046, 11, 567) failed to obtain an ester when 
methyldt-2-chloroethylamine was allowed to react im aqueous sodium acetate solutions whereas 
stable esters can be obtained in similar manner form several! ary!-2-halogenoalkylamines (Part 
Ill). These results indicated a difference in the stability of esters derived from the two series of 
compounds. Since some of the biological effects of the mustard-gas type of compound could 
be interpreted if acidic groups were only temporarily blocked by the agents and subsequently 
regenerated by the hydrolysis of the esters formed (compare Peters, Nature, 1947, 158, 149; also 
Boursnell, Cohen, Dixon, Francis, Greville, Needham, and Wormall, Biochem. J., 1946, 40, 7546, 
who showed that much of the mustard gas fixed in tixsues had disappeared twelve hours after 
treatment), it was of interest to prepare ester derivatives of various “ radiomimetic " agents 
(Boyland, Biochem. Symposia, 1948, No. 2, p. 67) and to measure their relative stabilities. It 
was hoped that a correlation of ester stability with the degree and duration of the cytotoxic 
effect might be achieved. 

In the present study acetates and benzoates derived from the following compounds have been 
examined: dimethyl-2-chloroethylamine, methyldi-2-chioroethylamine, ethyl 2-chloroethy! 
sulphide, di-2-chloroethy! sulphide, N-ethy!-N-2-chloroethylaniline, N N-di-2-chloroethylaniline, 
NN-di-2-chloroethyl-p-anisidine, 2-naphthyldi-2’-chloroethylamine, 2-naphthyldi-2’-chloro-»- 
propylamine, and | : 2-3: 4-diepoxybutane, The monochloroethy! compounds were included 
because, although they have not been shown to exhibit cytotoxic activity as judged against the 
growth of the transplanted Walker rat carcinoma, the aliphatic derivatives will induce chromo- 
soma! abnormalities in the growing root tips of Vicia faba (unpublished work by Mr. A. Loveless) 


MATERIALS 


Dimethy!-2-acetoxyethylamine was i we and converted into acetylcholine iodide as deacribed by 
Jones and Major (/. Amer. Chem. Soc., 1 62, 37). The hydrochloride of the corresponding benzoate 
was obtained the action of benzoy! chloride on dimethylaminoethanol, and the free base was converted 
into benzoyicholine iodide (cf. Gulland, Partridge, and Randall, /., 1940, 419). Acetylation of methyldi- 

anh afforded the acetyl derivative, and 
temperature the eocre?T of 

the benzoate. The free benzoyloxyethylamine was obtained by Pyman (/., 1008, 98, 1706) 
action of benzoy! chloride on the amine in alkaline solution. The acetate and benzoate of methy ' ry 
hydroxyethylamine were converted into methiodides by reaction with methy! iodide in acetone colution 

Ethyl 2-acetoxyethy! sulphide was obtained by the action of acetic anhydride on the alcohol, and 
ethy! 2-benzoyloxyethy! sul was formed when ethyl! eer oe gen reacted in an aqueous 
acetone solution of sodium zoate. Di-2-acetoxyethy!l sulphide (Helfrich and Reid, /. Amer. Chem 
Soc., 1920, 42, 1228; Clayton and Reid, ibid., 1942, 64, 908) and di-2-benzoyloxyethy! sulphide (Fromm 
and Kohn, Ber., 1921, §4, 320) have already heen described. 


Acetylation of N-ethy!-N-2-hydro ylaniline yielded the acetyl —- whilst the corre- 
sponding benzoate was by N-ethyl-N-2-chloroethylaniline He m a 
acetone solution of sodium zoate. Acylation of N N-di-2-hydrox vavon ethane acetic anhydride 
afforded NN-di-2-acetoxy- and ~di-2 ~ 4 ane 
tion of the acetyl and benzoyl derivatives of NN-di- Septoenpett 
-2’-hydroxyethylamine has been described (Ross, /., 1949, 2689) and on 
used to prepare esters from the isomeric mixture ot ‘2-naphthyldi-2’-hydroxy-»- 
propylamines (Everett and Ross, /., 1949, 1972). 
When |: 2-3: 4-diepoxybutane reacts in an aqueous solution of sodium benzoate which is contine- 
ously titrated with benzoic acid a mixture of the isomeric | : 4-dibenzoates of erythritol is formed (Ross, 
, 1950, 2257) from which pure mesoerythritol 1 : 4-dib te can be isolated ; a mixture of the isomernc 
' ¢-diacetates has now been pol ty i A similar method has been used to ethylene glycol 
monoacetate— sly obta: heating eth carY al and acetic acid anhydrous copper 
sulphate (Drushel and Bancroft, fen J. Se. 1917, , 4, 373)—and the monobenzoate— first ared by 
the action of sodium benzoate on ethylene chlorohydrin in detveminn solution (Cretcher and Pittinger, 
i Amer. Chem. Soc., 1925, 47, 2561). Glycerol a-monobenzoate was obtained by heating «-monochloro- 
ydrin with potassium benzoate (Krafft, Ber, 1903, 96, 4339) 








MrrHops. 


also Hammett, “ Physical Organic Chemistry,” New York, 1940, 

Shc ciecal comaaemineltncaertitesanan qedie das teneate 
the rate of acid hydrolysis. Since we were especially interested in 
so far confined our studies to the alkaline h of the esters. 
soluble in water and since it was desired to 
comparable conditions the measurements 
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straight line if the reaction istruly bimolecular. The figure shows the results of plotting these values for 
several of the esters now examined, and Table |! shows the details of the bydrolysis of N.N-di-2-acetoxy- 
ethylaniline. The slope of the line in the figure will be 1/4’a, from which 4’ can be calculated since a is 
known. The bimolecular constant A given in Table I was calculated by dividing 4’ by N/v, where N is 
the normality of the standard solutions used and v is the volume of the solution in which the hydrolysis 
was carried out; the units in which 4 is expressed being g -mols. 1. sec. 








42 6 20 24 
a/(a-x) 


1. Ethyl acetate.. es 4. Methvidi-2-acetoxyethyiami ne 
2. N-Ethyi-N- 2-acetowyethylaniline ; 5. Dimethyl-2-acetoxyethylamine 
3. NN-Di-2-ecetoryethylansiine 


Discussion. 


Table I shows that there is a considerable difference between the rates of alkaline hydrolysis 
of esters of ethyl or ssopropyl alcohol and those of comparable structure derived from alcohols 
related to the sulphur and “ nitrogen-mustard “type of compound. The presence of the sulphur 
atom or the substituted nitrogen atom in the esters clearly has the effect of increasing the 
alkali-lability of the ester group. There is much less difference in the relative rates of hydrolysis 
of the acetates and benzoates derived from the various “ mustards” than in the rates of 
hydrolysis of the parent halides (see Parts I and II). Except in the case of the acetates of 
dimethyl-2-hydroxyethylamine and methyldi-2-hydroxyethylamine the diesters hydrolyse 
soméwhat faster than the corresponding monoesters. It was at first thought that this difference 
might be caused by the presence in the hydrolysing solution of a greater proportion of the 
cationic form of the more strongly basic monoester (see below). However, the pA,—in 80°, 


Taste I 
Second-order velocity constants for the alkaline hydrolysis of the esters 


Radiomimetic agent. Acetate 10%” Benzoate. 

CHy CH OAc 19 CHyCH,OBz 

(CH) CHO 3-5 (CH,),Ch-OBs 
CH,) N-CHyCH,C! CH, Ni Hy CH yO se ot H, N-CHyCH,OBz 
CHyN(CHyCHSC), CHy Ni HyCH, Da . 4 CH, N(CH yCH,OBz), 
CHyCH eS -CHyCH Cl CH ut SX H, * HyOAc 58) CHyCHyS-CH,-CH,OBz 
SiCHyCH,Ch, sich, chy, *OAc) si eCHyOBz), 
i Spee arene oe PheN CH, CH, CH CHyOA Mu“ H,CH,)-CH,CH,-OBz 
Ph N(CH CHA Ph N(CH y CH OAc 52 H, H -OBz), 
p e 


— 
—-IA-1 Stee 


af 
* “4 
HO“ cH, CH), pcHO-C, HyNiCH;CH,OAc), 46 He NCH CH,-OBz), 
NICH,-CH,OBz, 
CI 


4 
PCH NCH, CHL), Cyl NCH yCHeOAc), 45 
( 


"Hy N(CH, CHMeC)), —-2-C,.Hy"NiCH,-CHMe-OAc), 1,CHMe-OBz), 
t Hw: ,>O HO-CHyCHYOA 92 HO-CH,CH, Be 
Epichilorohydrin HO« He H ‘oH ‘CH, OBz 
1: 2-3: 4-Diepoxybutane CH(OH)CHYOA 5 *CH(OH)-CH,OBz), 
CH.),N*-CH.4 uF OAC! 27 CH,),N*CH,-CH,-OBz)1 
CH, N*CCHYCH,OAc) I> 3360 [(CH,).N*(-CH,-CH,-OBz),)T- 





Aryl-2-halogenoalkylamines. Part VIII. 
Taste Il. 
Hydrolysis of NN-di-2-aceloxyethylaniline in 80%, aqueous acetone 
Weight of ester taken for each determination, 139-7 mg. Vol. of 0-025n-sodiem hydroxide used in 
each run (2), 39-6 ml. Total volume of reaction solution (ec), 300 mi. Temp., 50°. 
Time 0-025n-Hydrochloric acid added 0-025~-Alkali required 0-025n-Alkali 
(secs. ). to arrest hydrolysis (ml.). to back-titrate (ml). consumed (s) (mi.) 
384 
334 
260 
210 
From the graph (figure) the -% of the line 1 /A'a — 900/2-32. 
Hence & = A’e/N = 2-320/000aN = 0-52 g.-mol. 1.‘ sec. sinces « 39-6,5 — 200, and N = 0-025, 


acetone—of the monoester was found to be 7°3 and of the diester 5°6, while the pH of the alkaline 
solution was 11°5; thus negligible amounts of either ester were in the cationic form under the 
conditions employed. There is not the considerable variation between the rates of hydrolysis of 
esters derived from mono- and di-hydroxyethyl compounds that is encountered with corre- 
sponding mono- and di-halides. These differences are not unexpected since the halides are 
known to hydrolyse by an S,1 mechanism whereas the esters of the organic acids have now been 
shown to hydrolyse by a bimolecular mechanism; this is confirmed by the linear plot of the 
points in the figure. It has been found that eves in the case of the diesters the plot of #/(¢ — +) 
is still linear up to 80% reaction, suggesting that the ester groups are hydrolysed at the same 
rates. The «-hydroxy-esters derived from 1: 2-epoxides are much more labile under the 
conditions used in this work than are esters derived from the mustard-gas type of compound. It 
would also appear that the rate of hydrolysis of such esters depends on the number of hydroxy! 
groups in the molecule 

The Lowry mechanism for the alkaline hydrolysis of an ester (/., 1927, 2558) is as follows: 


Oo C ) 
ii 


R—C—O—R’ ng 839 R’ n-{ + re 
; { 


HH On OH 


The formation of the intermediate complex involves an attack (a) by the hydroxyl ion and (6) by 
the water molecule resulting in proton transfer. Stage (a) will be accelerated by electron- 
attracting substituents in R which will facilitate the attack by the negatively charged hydroxy! 
ion; this effect has been amply confirmed by measurements on the rate of hydrolysis of substi- 
tuted benzoic esters. On the other hand, stage () should be aided by electron-repelling groups 
in R’. The electron-repelling character of the nitrogen or sulphur atom attached to halogeno- 
ethyl side chains is well established and accounts for the ease of hydrolysis of such halides. It is 
now suggested that this same electron repelling character is responsible for the increased rate of 
hydrolysis of esters derived from the radiomimetic agents listed in Table I because of the effect 
on the proton-transfer reaction proposed in the Lowry mechanism. The effect of the nitrogen or 
sulphur atom will not extend to the carboxyl-carbon atom of the ester group, compare the 
absence of an effect on the reactivity of the halogen atoms in 3-chloro-n-propylamines. At first 
sight it would appear that esters of isopropyl alcohol should hydrolyse faster than those of ethy! 
alcohol since a methyl! group is electron-repelling as compared with a hydrogen atom but the 
approach of a water molecule to the oxygen atom (stage 6) would be hindered and the steric 
etiect must outweigh the effect on increased electron availability. In the esters derived from the 
mustard-gas types we have the electron-displacement efiect uncomplicated by the steric effect 

The increased rates of hydrolysis of the mono-esters of glycols could be similarly accounted 
for by a tendency of the hydroxyl group to assume the ionic form in alkaline solution 


OH H—OH 


——»> ane 
_(/HyCHyO-COR ef. a/v CHy0-COR 


the electron displacement then induced is similar to that in the other esters. 

It was originally thought that if the nitrogen atom were quaternised the activating effect on 
the rate of hydrolysis should be either lost or reversed. However, esters containing quaternary 
nitrogen atoms were very rapidly hydrolysed under the conditions now employed; this alkali- 
lalnlity of choline esters is, in fact, well-known. It seems possible that the enhancing effect of 

9K 
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the positively charged nitrogen atom is caused by the relative stabilisation of a cyclic structure 
such as (1) in which the attack of the hydroxy! ion on the carboxyl-carbon atom would be greatly 
facilitated, with a corresponding effect on the overal! hydrolysis rate 
CH,CH, CH,yCH, 
mi” , 
O=C- 
R 
The lability of esters containing quaternary nitrogen atoms is of interest in connection with 
Kose, Hendry, and Walpole's suggestion concerning the mode of action of radiomimetx 
compounds (Nature, 1950, 165, 993). It was considered that these 
agents form polymers with reactive side chains and which in the case 
| of the ’ nitrogen mustards " would have the structure (Il; K = Cl) 
Whilst polymers of this type could be formed from the aliphatic series 
1 
‘* 


~ 
K CHy 
|, Ay CHy, CH, 
n° *N- 

4% 


H 
Wie a (cf. Langman, McKay, and Wright, J. Org. Chem., 1949, 14, 550) it is 
(11) rather unlikely that such a polymer could be formed from an aromatic 
‘ nitrogen mustard " in view of the known difficulty of obtaining quaternary derivatives from 
these compounds (Everett and Koss, /., 1949, 1972), and the polymer, even if formed, would 
have unreactive halogen atoms sunce the activating effect of the uncharged nitrogen atom would 
have been lost. An alternative suggestion seems more feasible; this is that one side chain of 
a dthalogenoalkylamine reacts with, say, an organic acid group to give a chloro-ester which 
subsequently polymerises to give a compound of type (Il, KR = -O-COR”) However 
produced, such linkages would be more labile than those formed by the reaction of the dihahde 
to give a sample diester. 

It is realised that the values in Table I do not necessarily bear a direct relationship to the rate 
of hydrolysis of the ester groups at physiological pH in purely aqueous solutions; for example, 
about 20%, of the ester derived from methyldi-2-chloroethylamine (which has pA, im water = 
68) will be present in the cationic form at pH 74 and hence will be more labile under these 
conditions than esters derived from sulphur or aromatic nitrogen “‘ mustards.”” This would 
explain the observations of Cohen and van Artsdalen (cited by Fruton, Stein, and Bergmann, 
J. Org. Chem., 1946, 11, 559) that esters of methyldi-2-hydroxyethylamine are hydrolysed at 
pH 7:4 with great rapidity. The environment of the acid group which is esterified will also have 
a profound effect on the stability of the ester link formed; for example, Blackburn, Carter, and 
Phillips (Biochem. ]., 1941, 35, 627) have shown that methyl esters of wool proteins are unex- 
pectedly labile at pH 95, and Alexander (Biochem. J., in the press) has also found that esters 
produced by the action of epoxides on wool are readily hydrolysed 

The limited evidence so far available seems to support the suggestion made in the introduction 
that acidic groups would be only temporarily blocked by the various radiomimetic agents 


EXPERIMENTAL 


Dimethyl -2 -bensoyloryethylamine.- Dimethylaminoethanol (44-5 g., 0-5 mol.) was cooled to 0° and 
benzey! chloride (77 g., 0-55 mol.) was slowly added with stirring After being kept at room temperature 
overmght the solid mass was ground under cold acetone and the hydrochloride was collected and 
recrystallised from acetone, giving prismatic needles, m. p. 148° (Found: C, 57-5; H, 7-3. Calc. for 
C,,H,,O,N,HCI; C, 57-5; H, 70%). Gulland ef al. (loc. cst.) give m. p. 151 

An aqueous solution of the hydrochloride was treated with an excess of potassium carbonate and the 
liberated base was extracted with benzene. The material obtained on evaporation of the dried extract 
was was dissolved in warm acetone, and a slight excess of methy! iodide was added. The methiodide 
separated as glistening plates, m. p. 244° (decomp.) (Gulland ¢f al, loc. cit. give m. p. 243 
244"), unchanged after further crystallisation from acetone-methanol (Found: C, 42-0, H, 5-8; I’, by 
titration with 0-ln-silver nitrate using eosin as indicator, 37-85%; equiv., 333. Calc. for C,,H,,O,NI1 
C, 420; H, &4; I, 37-90%; equiv., 335) 

WM ethyidi-2-acetoxyethylamine,.—Methyldi-2-hydroxyethylamine (16-1 g.) (prepared by methylating 
di-2-hydroxyethylamine with formaldehyde and formic acid; Hanby and Rydon, /., 1947, 513), acetx 
anhydride (45 mi.}, and anhydrous sodium acetate (200 mg.) were heated under reflux for | hour and then 
distilled. The fraction of b. p. 110°/4 mm. was methyid:-2-acetoxryethylamine (Found: equiv., 101 
C,H, ON requires equiv., 101-5) 

The methiodide, plates (from acetone), m. p. 117-—118°, was prepared as described above (Found - C, 
34-4; H, 59; 1. 37-3%: equiv., 173. C,,H,O,NI requires C, 34-5; H, 5-8; I’, 36-89%; equiv., 172-6). 

Methylds 2-benroylorvvyethylamime — (a) Methyidi-2-hydroxvethylamine (6-45 g., 0-05 mol.) and benzoyl! 
chloride (7-7 ¢., 0-055 mol.) were mixed with cooling and left at room temperature. Next day the semi- 
solid product was extracted with cold acetone and then with ether The hydrochlonde formed diamond- 
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— 133-134", from acetone (Found: C, 6246, 63-1; H, 60, 65. Cale. for 
cho! Ha Gs; H, 61%). Pyman (lec. cif.) gives m. p. 132—133". 


(6) Methylds-2-chloroethylamine hydrochlonde = g) me was added to a solution of sodium benzoate 
(100 g.) im water (250 mi.), and the mixture was heated for § hour on a steam-bath. The cooled solution 
was extracted with ether and the dried extract was saturated with hydrogen chloride. The oil which 
separated became solid when kept, and formed m. p. 133° \undepressed on admixture with 
material obtained by method (¢)), when from acetone. 


rea nage pluton eh ps BOL tee, Sam comtuns Peamas ©. ber OL Ot desenbed rye cena 
formed a oe 161-182", from acetone (Found ; C, 51-3; H, 53; I’, 268%. equiv., 
Coll gO N 1 requires C, 61-2; H, 5-2; 1°, 27-12%; equiv., 234-7) 


Ethyl 2-Acetox Sulphide a sulphide (10 g.) and acetic anhydride (50 mi 
were heated under reflux for 4 hours solution was concentrated under reduced pressure and then 
extracted with benzene. Distillation of the washed and dried extrac “Ss ow ethyl 2-acetoryethy| sulphide 
a8 a sweet smelling oil, b. p. 90° /4 mm. (Found: equiv. 151. C,H, requires equiv., 148). 


Ethyl 2-Benzoyloxyethyl Suiphide.—Ethy! 2-chioroethy! sulphide (5 g.), dissolved in a saturated 
soluteon of sodium benzoate in 50%, —— acetone (100 mi.), was heated under reflux for Shours. The 
colourtess oil which separated after removal of the acetone was dissolved in hight petroleum (b. p. 60-80") 
and the dned solution was passed through a column of activated alumina. Concentration of the eluates 
gave the benzoate as a colouriess oil (Found : equiv., 214. C,,H,,O,5 requires equiv., 210), 


Di-2-bensoyloxyethyl Sulphide.— Benaoy! chioride (125 ml.) was slowly added to an ice-cooled solution 
of di-(2-hydroxyethy!) sulphide (25 g.) in 2 pyridias (250 ml.), and then the mixture was heated for 3 hours 
on a steam-bath. Next day the solution was washed twice with water (400 mi), and the dried 
non-aqueous layer yielded two fractions, b. p. 168°/2 mm. and 240°/1 mm., respectively. The latter 
traction solidified on cooling, and after one crystallisation from benzene and then from methanol the 
benzoyl derivative was obtained as rectangular prisms, m. p. 68° (Found : C, 65-6; H, 5-5%; equiv., 171. 
Cale. for C,,H,,0O,8: C, 65-4; H, 55%; equiv., 165). Fromm and Kohn (lee. cs.) give m. p, 65° 

N-Ethyl-N -2-acetoxyethylaniline. —N-Ethy!l-N-2-hydroxyethylaniline (15 ml.), acetic anhydride 
(30 ml.), and anhydrous sodium acetate (1 g.) were heated under reflux for 5 hours in an cil-bath at “80 
160°. Next day the mixture was concentrated under reduced woe and the residue dissolved in 
benzene, wached with water, dried, and allowed to percolate through a short column of activated alumina. 
The eluates yielded the acetate as a light yellow oil (Found; equiv., 200. C,,H,,O,N requires equiv., 
207 

N-Ethyl-N-2-hensoylosyeth viansione.— N -Ethyl-N -2-chioroethylaniline (3-4 ¢.), dissolved in a solution 
of sodium benzoate (15 g.) in 50% aqueous acetone (400 ml.), was refluxed for F hours. The product was 
isolated and submitted toa — a pow fication as already described. The benrvate, obtained as 


a colourless oil (Found: equiv., 268. C,, puis < ae. equiv., 269), forms a picratie, m z 163 
154°, prisms from acetone—methanol (Fou H, 47. CyH,O,N, requires C, , 


45% 


NN-Ds-2-acetoryethylaniline.—N N-Di-2-hydroxyethylaniline was acetylated in the same manner as the 
monohydroxy-compound. The acetate was obtained as a yellow oil (Found equiv., 137. C,H ON 
requires equiv., | 


NN-Di-2-Bensoyloxryethylaniline.— Benzoy! chloride (30 mi.) was slowly added to an ice-cooled 
solution of N N-di-2-hydroxyethylaniline (15 g.) in dry pyridine (100 ml.), and then the mixture was 
heated for 5 hours on a steam-bath. The mixture was poured into water (200 ml.) and left for 2 hours, 
and then the oily product was shaken with dilute ammonia solution, after which a solid mass was obtained. 
NN-Di-2-benzoyloxyethylantiine was obtained as flattened prisms, m. p. 76°, from methanol (Found: C, 
73-8; H, 64%; equiv., 196. C,,H,,O,N requires C, 740; H, 60%; equiv., 195). 


Esters of 2-Naphthyldi-2’-hydroxy-n-propylamine.—The acetate (Found: equiv., H,O,N 
requires equiv., 171-7) and the benzoate (Found : equiv., 226. C,,H,,O,N requires ~~4 235} were 
obtained as faintly fluorescent viscous oils from the c loropropylamines as described in Part TI. 


Esters of Ethylene Glycol.—A stream of ethylene oxide was passed for 8 hours through a saturated 
solution of sodium acetate in 25% aqueous acetone maintained at 80°. The mixture was kept just acidic 
by the addition, as required, of glacial acetic acid, phenolphthalein being used as an internal indicator 
After removal of the acetone under reduced —, the aqueous solution was extracted with ether 
(4 < 500 ml.), and the dried extracts were distilled. The acetate had b. p. 187° /761 mm. (Pound uiv., 


107. Cale. for C «HO, : equiv., 104); Drushel and Bancroft (Joc. cst.) give b. p. 187-189" at atmospherk 
pressure. 


Ethylene glycol monobenzoate similarly had b. p. 170-—-170-5°/2 mm. (Found : equiv., 168. 
Cale. for C,H,,O,: equiv., 166); Cretcher and Pittenger (Joc. cit.) give b. p. 173°/21 mm 


When | : 2-3 : 4-diepoxybutane was allowed to react with sodium acetate under similar conditions a 
diacetate was formed (Found : equiv., 101. C,H,,O, requires equiv., 103) 


Velocity of the Alhaline Hydrolysis of the Esters.—The ester (9-01 mol. for a monoester or 0-006 mol. for 
a diester )was dissolved in AnalaR acetone, and the solution made up to 100 mi. To a 10-ml. aliquot of 
this solution were added 60 mi. of 0-025n-sodium hydroxide, and the mixture was heated under reflux for 
3 hours. A blank determination on 10 mil. of AnalaR acetone was carried out at the same time. The 
excess of alkali present in the cooled — was determined by titration with 0-025n-hydrochloric acid, 
with bromothymol-biue as indicator. hang ca Ame mak (ser eae Il) was thus and this 
value was used in subsequent calculations of the velocity constant 
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In order to measure the rate of hydrolysis of the ester a 10-ml. aliquot was transferred to a three-necked 
700-01. flask, carrying a reflux condenser and an electrically driven stirrer, and diluted with 150 ml. of 
acetone. The flask was then kept in a thermostat at 50°. A volume of 0-025w-sodium hydroxide 
exactly equivalent to the ester contained in the 10-ml. aliquot (40 ml. for monoesters of 100%, purity) was 
measured into a 50-ml. conical flask and kept in the thermostat. While the alkali was warming up to 50° 
a suitable volume of 0-025n-bydrochloric acid containing bromothymol-blue was placed in a similar 
mil. flask, and a 10-ml. burette containing 0-024~-sodium hydroxide was fitted so that it could be 
quickly inserted into the centre neck of the reaction-flask. When the solutions had reached 50° the alkali 
tn the flask was quickly a into the tere | stirred ester solution, giving a concentration (¢) = 
0-005n. in volume (ve) = mil., and the stopwatch was started. After the required time the standard 
acid was rapidly added, the burette inserted, and the excess of acid back-titrated. This procedure was 
repeated for a series of times, the excess of acid added to arrest the hydrolysis being adjusted in each case 
so that the back-titration required about 7 mi. of standard alkali. By ensuring that the two 50-ml. 
flasks were completely free from grease by cleaning them with chromic-sulphuric acid and then carefully 
rinsing and drying them, it was found that the drainage error in the two itions cancelled out and was 
in any case less than 0-1] ml. The hydrotyses of all the esters recorded in Table I were carried out by this 
procedure, except that, for the less soluble hydrochloride of methyldi-2-benzoyloxyethylamine, (c) = 
-0033m. and (ce) « 300 mi., and, for the hydrochloride of dimethyl-2-benzoyloxyethylamine, (c) = 
© 0075s. and (v) «~ 400 mil., and, for the four methiodides, (c) — 0-0005m. and (ec) = 400 mi. In the case 
of the four methiodides the measurements were made at higher dilution because of the extreme rapidity of 
the hydrolyses at the usual concentration. 4A in Table I is, nevertheless, expressed in the same units in all 
cases. Phenolphthalein was used as indicator in the hydrolyses of the esters of dimethyl-2-hydroxyethyl- 
amine since this amine is sufficiently basic to interfere with the end-point when bromothymol-blue is 
used 


pK, Values for Acetates of Methyidi-2-hydrosyethylamine and Dimethyl-2-hydroxyethylamine.——These 
values were determined by titrating an ™ 20-solution of the ester in either water or 80%, aqueous acetone 
with »-hydrochloric acid and measuring the pH of the solution, after each addition, with a glass-electrode 
system. The values: methyidi-2-acetoxyethylamine, pX, in water 68, in 80% acetone 5-7, and 
dimethy!-2-acetoxyethylamine, pA, in water 8-3, in 80% acetone 7-3, were calculated from the titration 
curves 
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599. Infra-red Spectroscopic Measurements of Substituted Pyrimidines. 
Part II, The Absorption Spectra of Di-, Tri-, and Tetra-substituted 
Pyrimidines. 


By I. A. Brownie. 


The infra-red absorption » tra of a number of solid di-, tri-, and tetra-substituted 
»yrimidines have been measured between 2 and 15 y., and the spectrum of liquid pyrimidine has 
oon Measured over the sameregion. Differences of absorption in the 5-15 y. region depend on 

the number and position of substituents in the pyrimidine ring, as well as on the nature of these 
substituents, whereas the results in the 3. region depend principally on the type of the sub- 
stituents. The majority of the absorption bands in the 3. region have been identified, and a 
number of frequencies in the 5--15 4. region characteristic of the di-, tri-, and tetra-substituted 
pyrimidines, respectively, have been observed 


Iw Part I of this series (Brownlie, Sutherland, and Todd, ]., 1948, 2265) it was shown that the 
presence of hydrogen bonding in certain acetylated 4-p-glycosidaminopyrimidines could be 
clearly detected by infra-red spectroscopy. In every case where chemical behaviour had 
required the hypothesis of hydrogen bonding, the infra-red evidence supported this hypothesis, 
and conversely when the chemical evidence was against chelation, the infra-red evidence clearly 
showed the absence of hydrogen bonding 

This investigation, however, formed part of a larger programme of work, involving the 
examination of the vibrational spectra, from 2 to 15 y., of pyrimidine, and of substituted pyrimid- 
ines containing two, three, and four substituents. The 25 compounds selected for examination 
included those with the following substituents: NH,, NHMe, OH, SH, SMe, Me, NO, NHAc, 
NH-p-glucose, NH-p-xvlose, NH-triacetyl-p-xylose. Unfortunately, no suitable mono- 
substituted pyrimidines were available. The object of the investigation was to identify the 
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vibrational frequencies corresponding to each substituent, whether they be stretching vibrations 
or associated bending oscillations; to determine if these were dependent on the total number of 
substituents, and on their position in the nucleus; and lastly, to determine if possible any 
relationship between the characteristic skeletal vibration frequencies of each substituted pyrimi- 
dine, and the number and position of the substituents. 


EXPERIMENTAL. 


Since most of the substituted pyr | are soluble only in solvents which absorb ly in the 
region 2—15,. (5000-667 cm“), they were examined as a capillary layer, between rock-salt ofa 
fine suspension of the substance in “ Nujol.” A sample of pyrimidine was examined in the state 
at cell thicknesses of 0-06 and 0-025 mm. These measurements were made on a double-beam 
meter (Sutherland and Trons. Faraday Soc., 1945, 41, 174) fitted with a 30° rock-salt prism 
of the Littrow type, and a on 1 Schwarz vacuum thermopile. The compounds were further examined 
in the range 2—6y. ona Ay pe trometer of very high resolving power (cf. Sutherland, Blackwell, and 
Feligett, Nature, 1946, 873) fitted with a lithium fluoride prism. 





Results and Discussion.—The only previous report of the spectrum of pyrimidine (Barnes, 
Gore, Liddel, and Williams, “ Infra-Red Spectroscopy,” p. 97, New York, 1944) gives a band at 
1775 cm.—', which is not shown by our sample and is probably due toimpurity. As the similarity 
in the infra-red spectra of benzene and pyridine has often been observed, the absorption 
frequencies (in cm.~') of benzene and pyrimidine are compared in Table I, and are seen to be 
very similar. It would be expected that the replacement of each of two CH groups in benzene 
by a nitrogen atom would not appreciably alter the vibrations other than those of the hydrogen 
atoms. Kline and Turkevitch (J. Chem. Physics, 1944, 12, 300) have shown that the ring 
vibrations of pyridine parallel those of benzene and can be readily located, and that the hydrogen 
vibrations of pyridine show considerable divergence from those of benzene and can only be 
tentatively assigned; in general, transition from benzene to pyridine causes a displacement of 
the hydrogen frequencies towards lower frequencies. The C~H bending frequencies in pyrimid- 
ine may be tentatively assigned to the 1230 cm™. and 820 cm". absorption bands, in-plane 
and out-of-plane, respectively. It will be observed that in Table I there is no pyrimidine 
frequency corresponding to the benzene C~H aromatic valency vibration at 3065 cm.~', but it is 
probable that this frequency was obscured by the very strong band at 3400 cm.'.* In contrast 
to the resonance formula of benzene which has three carbon-carbon double bonds, pyrimidine 
has two carbon—nitrogen double bonds, and one carbon-carbon double bond, so that in addition 
to C=C valency vibrations we might expect C—N valency vibrations. There are, in fact, two 
strong absorption frequencies observed, vir., those at 1570 and 1650 cm.~', which are probably 
due, respectively, to these double-bond valency vibrations. Although it might be : rgued that 
resonance would make unlikely the possibility of distinguishing between C=C and C-N valency 
vibrations, vet for the sake of comparison with the substituted pyrimidines these two frequencies 
will be referred to as if they are due to those respective vibrations. Another frequency in 
pyrimidine, at 1400 cm.-', is also shown by the substituted pyrimidines, as noted later 


Tamie L* 
Benzene . 849 «=—s:« 1033 — 118 «=6©1175) «61247 ) «61383478 
Pyrimidine a25 1000) 1080—isd4O 1185S BO 14001465 
Benzene 160 laz2 1965 os 2600 wns 280 2050 
Pyrimidine 1650 — 190 «635200 «26200 «= 2710S 280 —_ 


* The data for liquid benzene are due to Halford and Schaeffer (J. Chem. Physics, 1946, 14, 141) 


The graphical results for di-, tri-, and tetra-substituted pyrimidines in the 3 yu. region are 
shown in Figs. 1 and 2, and in Tables II and III are listed the absorption frequencies for each 
compound. Each of the absorption frequencies has been assigned to a valency vibration of one 
of the substituents, or of the C-H vibration in the pyrimidine ring, when the number of sub- 
stituents is less than four. It will be seen in Figs. | and 2 that in four molecules only one band 
either at 2650 cm.-' or at 2750 cm.~ is unaccounted for in the tables, and it is probable that this 
is an overtone. The C~H valency vibration of CH, or CH,S substituents occurs at 2750 cm.~', 
but where it is not observed it is probably obscured by the strong * Nujol " band at 2900 cm.~'. 
As the compounds, except pyrimidine itself, were all examined in the solid state, it is to be 
expected that the N-H (both in NHAc and NH,) and O-H valency vibrations should be 


* Farther investigations on the pyrimidine spectrum with special reference to the band at 3400 cm.“ 
are in course of publication (Sutherland and Skogh, private communication). 
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Compownd 
6 Dramimopyrimidine 
domino 6D glucondaminopyrimidine. 
{mimo 6 D-sylostdaminopyrimids ne 
Hydrory-2-mercapto-6- methyl pyrimidine 
Hydroxy-2-methyliivo-6-methyi pyrimidine. 
6 Diamsino 2-methyl pyrimidine 
6-Dsamino 2-methylidiopyrimidine. 
6- [namino- l-mercaptopyrimidene. 
6. (namino-2-Aydrosypyremidine 
{mimo 4-methylamino-2-methyl pyrimidine 
M ethylamino-2-methylthio-6-methyl pyrimidine 
domino 4-hydrory-2-methyl pyrimidine 
6 Amino-4-aydrosy. 2-methylinopyrimidine 
imesno-4-D-rylosidamino-2-methyithsopyni midi ne 
domino 4-acetamedo-2-methyithiopyrimidi me 
pd-Nylondamimo-6-acetamido-2-methylitsopyni midi ne 


Hydrowy-S-acetamido-2 - 6-dimethyipyrimidine 
S deemo &-mercapto-2 > 6-diavdropyrimidine. 
5 Nitrose-4 6-deamino-2-methvipyrimidine 
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Curve No. Compound. 
21 5-Nutroso-4 | 6-diamino-2-thiopyrimidine. 
22 5-N ee aa ieee 
23 5- Nttroso-6-amino-4-D- ry ethylt 
“4 5-N ttroso-6-amino-4 4-(trsacetyl- D- sylosidamino)- 2- methylihiopyrimidine 





Taste If, 
Stretching vibrations in 3 uy. region (cm ~') for 4 : 6-diaminopyrimidines 


Substituent in Substituent in 
position 2 C-H N-H. O-H No position 2 C-H, 
(Hy) O50 4 OH 3050 


3080 


+ For 4-amino-6-methylamino-2-methylpyrimidine. 


Taste Ill, 
Stretching vibrations in 3 y. region (em.-*) 


Substituent in position OH CHM 
a (Me 

N-H. O-H. (sugar). or SMe), S-H. NHAc 

330 310 . 2 — 





3250 
- 31% 


. 3100 
D-glucose - 3200 


D-xylose - 3200 
~D-xylose I . 3200 


D-xylose - 3200 


D-xylose One strong band at 3350 cm.* 
(triacety!- 3100 -_ — —_ . 
D-xylose) 
NH, ~ 8200 
33% 


; OH 


31) 

3450) 

NH, 330 

NH, b NH, 2200 
3400 

NHMe N N 3250 
33%) 

NH-p-xylose N NH, - 330 


NH-(triacety!- NO : 3370 
p-xylose) 
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displaced to lower frequencies by association. It has been found that they do, in fact, appear 
at frequencies lower than those shown by non-associated compounds. In particular, hydroxy! 
groups directly substituted in the pyrimidine ring give rise to absorption bands at 3150 cm.-', 
and the O-H absorption from NH-~pb-xylose or NH-—p-glucose substituents lies at approximate!) 
3200..3350 cm.'. In both cases the hydroxy! groups are strongly bonded. It will be noted 
in Table III that the strong absorption bands of compound No. 10 at 3350 cm. and of compound 
No. 18 at 3250-3300 cm, which are both due to the three hydroxyl groups in the p- 
xylomdamino-substituent, are completely removed by triacetylation, as shown by compounds 
No. ll and 19 

In the substituted amimopyrimidines we have the possibility of tautomerism as, ¢¢., (1) <= 
(11) in 2-aminopyrimidine. We have not examined any monosubstituted pyrimidines, but the 
diaminopyrimidines are interesting in this connection. In 4°: 6-diaminopyrimidines in which 
the substituent at position 2 is H, alky!, methylthio-, or any group other than those (OH, NH, or 
SH) capable of prototropic change, the tautomeric possibilities indicate that one of the amin 
groups is unaffected and should show true amino-character, ¢g., as in (III or (IV This 1 


enn, 
Ny 
t 


supported by the fact that the two N~-H frequencies at ~ 3250 and 3450 cm._~ are shown by all 
the diaminopyrimidines (Table II, 1-6) with the exception of one case where a nitroso-group is 
present in the 5-position These two N~-H frequencies, whose relative intemsities will be seen to 
vary with the type of substituent in the 2-position, may be compared with those shown by 
aniline at 3448 and 3368 cm.~' 

With one exception the C-H valency vibration at 3050-—-3100 cm. is also clearly shown by 
this group of compounds in Table II 

The monoamimo-compounds (V), (VI), and (VII) show only one N-H frequency. This 
fact agrees with the structure (V), which contains a methylamino-substituent, and therefore 
should exhibit only one N-H stretching frequency, as there is no other amino-substituent in 
the molecul In (VI) and (VIT) one would normally expect two N-H frequencies, but the 


NHMe Me NH, Mes? NH, 
Na 
OH OH 
(VI; 335) cm.” (VIIL, ~3250) cm.) 


results could indicate that these compounds are largely in the tautomeric imino-form and there- 
fore show only one N-H frequency The amino- and hydroxy! groups are so situated in the 
molecule that their electromeric displacements are additive, giving greatly increased electro 
availability at the nitrogen atoms in the ring and at the 5-position, thus facilitating tautomerk 
change 
Compounds containing the acetamido-group give either one or two absorption bands at 
3250....460 cm.~' approximately, which may be due to associated and non-associated N~-H 
bands from the NHAc groups. In the examples of acetamido-substitution availabie, three have 
the acetamido-groap in the 4-position, and one has it in the 5-position With those in the 4 
position it would be expected that only intermolecular association would occur between the 
acetamido-carbony! group and an NH (amino) or NH (acetamido) group to give an N-H Oo 
bridge With an acetamdo-group in the 5-position, however, both intra- and inter-molecular 
association ssible between the acetamido-carbonyl group and the adjacent hydroxy! 
group to give a H bridge It will be noted that the O~H stretching frequency in 
this case is at the very low frequency of 3050 cm.~', which is evidence of considerable association 
The non-ass tel N-H stret« vibration would be expected at ~3400 cm.-', whereas the 
presence of hydrogen bonding with formation of N-H O or >C-O H bridges would be 
expected to give » a lowered frequency, in this case to ~ 3250 cm.~! Where an amino 
j in addition to an acetamido-group, it ot possible to decide 


absorption fr are characteristic of the respective groups, as they may be present 
e broad band 


erved from Figs. 1 and 2 that compounds having a ni o-substituent in the 
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5-position exhibit either one or two bands in the region 3050—3150 cm.-'. This is not readily 
characterized as being due to a stretching vibration of any of the substituents, and cannot be 
a C-H stretching vibration frequency since the molecule in each case is fully substituted. The 
efiect, however, may be explained as arising from association involving the nitroso-group either 
as an intramolecular association involving an adjacent amino-group, or as an intermolecular 
association again with an amino-group. The resultant N-H~:-O bridge would give rise to 
such a displaced N-H frequency, particularly in the case of an intermolecular association, as 
the shift to 3050 or 3150 cm.~ is rather large for intramolecular association. This explanation 
cannot, for the time being, be proved conclusively, owing to the small range of nitroso-pyrimid- 
ines available, and the fact that there is more than une amino-group in the molecule complicates 
the interpretation. 


























Compound. 
4° 6-Diaminopyrimidine. 
4-Amino-6-p-glycossdaminopyrimidine. 
4-Amino-6-D-sylosidaminopyrimidine. 
4-Hydroxry-2-thio-6-methylpynimidine 
4-H ydroxy-2-methylthio-6-methyipyrimidine 


oe une 


In Figs. 3—7 are shown the absorption curves, from 5 to 15 y., of all the substituted pyrimid- 
ines examined. After careful comparison of the individual spectra with each other and with 
that of pyrimidine, it was found that there were present three characteristic frequencies, which 
appeared to be only slightly modified in value, as the number of substituents changed. Two of 
these, shown in Table IV, at 1620-—1640 and 1560-1580 cm.~' have already been characterized 
in pyrimidine as the C=N stretching vibration, and the C-C stretching vibration respectively, and 
it will be remembered that in this connection the effects of resonance were mentioned. It is 
noteworthy that in the trisubstituted pyrimidines, 4-methylamino-2-methylthio-é-methy!- 
pyrimidine (Fig. 5, No. 11) and 6-amino-4-methylamino-2-methylpyrimidine (Pig. 4, No. 10), 
these double-bond vibrations occur as one very strong band at ~ 1590 cm.~', which in the former 
case has some signs of structure at 1575 cm.-'. It is possible that the resonance in these 
compounds is higher than in the other substituted pyrimidines showing the double-bond stretch - 
ing vibrations at 1620 and 1580 cm.~', and that this accounts for the lowered value of the double- 
bond frequencies. 
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Taste IV. 


Dieu bstituted Trisubstitated Tetrasubstitated 
pyrimidines, cm. pyrimidines, cm.'. pyrimidines, cm. Remarks. 
16m lten 1610-1640 1425-- CEN stretching vibration 
lie ibn ioau C@C stretching vibration 


lem = 1420 10 1420 >keletal vibrations 
1280-1205 lhe : 


1245 1250 : C-H in-plane deformation 
1i6e Present when NHMe present 
luo oe Ono C-NH, bending vibration 
Skeletal vibration 
B25 810 —820 C-H out-of-plane deformation 
Skeletal vibration 


The band at 1400-1420 cm.~' shown by di-, tri-, and tetra-substituted pyrimidines is also 
present in pyrimidine, and appears to be a skeletal vibration of the pyrimyline nucleus. The 
1280-1310 cm.~' vibration frequency is not shown by pyrimidine, but is shown by the three 
types of substituted pyrimidines and may be classed as a skeletal vibration of the substituted 
pyrimidine nucleus. The frequencies at 1010-1020 and 775—795 cm. present in tetra- 
substituted pyrimidines similarly appear to be skeletal vibrations characteristic of the tetra- 
substituted nucleus 











i a a a a 
v, cm" 





Com pownd 
6 Dramino-2 methyl pyrimidine 
6. Diamino 2 meth yiihvopyrimid ime 
6- Dramino- 2 thiopyrimidine 
6 [ramino-2 Aydrowvpyrimidine 


fmino-4-methyiamino- 2 methyipyrimidin 


As the maximum number of substituents in the pyrimidine nucleus is four, it 1s evident that 
this class will not show any vibrations characteristic of the C-H stretching or deformation 
frequencies. This has already been demonstrated in the 3 u. region. Comparison of tetra- 
substituted pyrimidines with di- and tri-substituted pyrimidines, and pyrimidine itself, reveals 
the frequencies at 1250 and 810-825 cm.“, which, especially as they are not present in the 





(1950) of Substituted Pyrimidines. Part II. 3069 


tetrasubstituted pyrimidines, may be the C-H deformation frequencies, in-plane and out-of- 
plane, respectively. 

The majority of the substituted pyrimidines examined contain one or more amino-groups, 
and in the three classes of substituted pyrimidines a band appears at ~980 cm.-' which may be 
classified as a C-NH, bending vibration frequency. One other frequency, at 1160—1175 cm.-', 
has been found when the methylamino-substituent is present in the 4-position. 

In the trisubstituted pyrimidines it has been found that the presence of a methyl or 
methylthio-group in the 2-position has generally been accompanied by the presence of an absorp- 
tion frequency at 1450-—1480 cm.~! (see Table V). Although in a few cases this band has been 
too weak to be observed, as it lies in the region of the “ Nujol " bands, it has never been observed 
when an amino- or hydroxy-group was substituted in the 2-position. It is probable that this 
frequency is characteristic of the -CH, deformation vibration 
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v, cm.” 
Curve No Compound. 
4 Methylamino-2-methyithio-6-methylpyrimidine 
6-Amino-4-hydroxry-2-methyl midine 
k 6- Amino-4-hydroxy-2-methylithhopyrimidine. 
6- A mino-4-D-xylosidamino-2-methylthhopyrimidine 
5 6- A mino-4-acetamido-2-methylihvopyrimidine 


Taste V. 
Trisubstituted pyrimidines with a methyl or a methylthio-group in the 2-position 


Substituent in position : Vibration Substituent in position Vibration 

2 4. 6. frequency, cm,'. 2. 4 6 frequency, cm. 
Me NH, NH, 1480 SMe Me NHMe 1465 

Me OH NH 140 SMe OH NH, 1450 

Me NH, NHMe 1475 SMe NHAc NH, 1460 

SMe Me OH 1480 SMe NH, NH, 1465 


From Table VI it will be seen that, in compounds containing the acetamido-group, two 
characteristic frequencies appear in the region 1600—1700 cm.~'. The longer of these two 
can confidently be assigned to the C=O stretching frequency of the acetamido-group, which, as 
we have seen from evidence in the 3 u. region, is involved in association. The range in the 
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Taste VI. 
Characteristic frequencies (cm ~') for compounds containing the acetamido-groups. 


MeS/™\NHAc Me™ MeS/™\NH-p-  MeS"™ \NH-(triacety!- 
N N Ne / xylose Ne / D-xylose) 
Xn, Ne Witrc Wrtac 


“C20 stretching fre- 
quency of triacety!-p- 
xylose 

4) Nom-associated 
+) Assoxiated (ef 
Part I, lee. est 
—O stretching fre 
quencies acetamido 

N-H bending frequency 
acetamide 

Single bond stretching 
frequencies | acetamid 
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a VoL. 


a a 


vom 
mm pound 


2-methylthwopyr 
; Pvrimidine 
fruremo-2  O-didvedr vimeidine 
6-] amino 5 mele et rimedine 
absolute value of its position can be ascribed to the varying degrees of association It will be 
ted thai the compound showing the lowest value of the longer frequency, t.¢., 1670 cm.~', is 
that containing the acetamido-group in the 4-position. This compound, as we have seen from 
evidence in the 34. region, might be expected to have a higher degree of association than the 
thers, and would have the C—O stretching frequency shifted to a lower value than the others 
The band at 1635-1665 cm.“ is more difficult of explanation, but it will be noted from the 
absorption curves, that, im each of the acetamido-compounds, the C—N stretching frequency is 
moved from its normal position to ~ 1600 cm. This could be due to the fact that the C—O 
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frequency may be split by resonance with the double bond frequency of the pyrimidine nucleus, 
the C=N frequency being moved in consequence of this increased resonance to shorter fre- 
quencies. In the triacetylated compounds, where there is association within the NH~(triacetyl- 
p-xylose) group (Part I, Joc. cit.), the acetamido-carbony! frequency is obscured by the acetyl 
carbony! frequencies, but, in this case also, the C“N and C=C stretching vibrations fall at lower 
frequencies. The band at 1510—1520 cm.-', again present only when there is an acetamido- 
substituent, may be classed as the N—H bending frequency of that group. 

The region 1200-—1300 cm.~ is interesting when the acetamido-group is present, for in all 
cases strong bands are present at 1200-—1220 and 1270—1205 cm.~'. These may be due to 
single-bond valency vibrations of the acetamido-group. Triacetylation of 4-p-xylosidamino- 
6-acetamido-2-methylthiopyrimidine gives rise to a strong band at 1235 cm.~?, and a similar 
band at 1220 cm.-! is found in the triacety! derivative of 5-nitroso-6-amino-4-p-xylosidamino-2- 
methylthiopyrimidine. This new band shown in the triacetyl compounds is probably due to 
the SC-O- valency vibration of the acetyl groups. 
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Compound. 
5-Nitroso-4 | 6-diamino-2-thiopyrimidine 
5- Nttroso-f-amino-4-methylamino-2-methylthiop yrimidine. 
5- Nutroso-6-amino-4-D-xylostdamino-2-methylithiopyni midine. 
5-Nitroso-6-amino-4-(triacetyl-D-rylostdamino)-2-methylihiopyrimidine 


The only remaining substituent to be considered, viz., the nitroso-group, has also been found 
to show a characteristic absorption frequency. In 5-nitroso-4 : 6-diamino-2-methylpyrimidine 
(Fig. 6, No. 20), 5-nitroso-4 : 6-diamino-2-mercaptopyrimidine (Fig. 7, No. 21), and 5-nitroso- 
6-amino-4-methylamino-2-methylthiopyrimidine (Fig. 7, No. 22), absorption bands at 1650, 
1645, and 1640 cm.“', respectively, may be identified as the N=O stretching vibration frequency 
In each of these cases it can be distinguished from the C-N stretching frequency at 1615—1620 
cm.~', although in the 4-methylamino-compound the N=O frequency is not clearly resolved, but 
appears as a shoulder on the 1625 cm.-' band. In 5-nitroso-6-amino-4-p-xylosidamino-2- 
methylthiopyrimidine and the corresponding triacetyl] compound (Fig. 7, No. 23), the N=O 
frequency cannot be distinguished, and indeed, in the triacetyl compound, the C=N stretching 
vibration appears to be shifted from its usual position to 1590 cm.'. This band at 1590 cm.-', 
in which the 1575 cm.~* C=C stretching vibration can be distinguished, is very broad, and it may 
be that a study of this region under slightly higher resolving power would reveal the N=O 
stretching frequency. It will be remembered, however, that in the 3 u. region there was evidence 
of intermolecular association which could be attributed to N-H-*:O bridges to the nitroso- 
group in position 5 of the molecule. As an appreciable degree of association in this manner 
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would have the effect of causing a shift in the position of the nitroso-stretching frequency towards 
the position of the double-bond stretching frequencies, there could arise an appreciable degree 
of interaction, which would render the detection of the nitroso-frequency very difhcult. 

In conclusion, it may be noted that, although the 3 yu. region can be almost completely 
characterized, it would appear that a study of many more substituted pyrimidines will be 
necessary before a number of other interestang correlations which suggest themselves can be 
fully explored. The 1200—-1300 cm ~' region is particularly interesting in the pyrimidine series, 
especially for those compounds contaming the nitroso- and acetamido-substituents. In the 
range of compounds already examined, the spectra shown are fully characteristic of each 
compound and can be readily distinguished. An mteresting example of distinguishing between 
two closely related compounds may be shown by comparing the spectra of 4: 6-diamino-2- 
methylpyrumidine (Pig. 4, No. 6) and 4: 6-diamino-2-methyithiopyrimidine (Fig. 4, No. 7). 
There is a certain similarity m ther spectra, particularly in the 800-—1000 cm.~' region, and in 
the double-bond region of stretching frequencies from 1550 to 1650cm.~-'. However, the reversal 
of intensity in the two bands in the 1200-— 1300 cm.~' region is, in itself, sufficient indication of 
the change in constitution provided by replacing a methyl by a methy!lthio-group 
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600. Substituted Anthracene Derivatives. Part IV. The Ultra-violet 
Absorption Spectra of meso-Substituted 1 : 2-Benzanthracenes. 


By G. M. Bavorr and RK. S. Prarce 


Itra violet absorption spectra of a number of meso-substituted | : 2-benzanthracenes 
cxamined Henzanthraceme has three main regions of absorption in the pear 
designated I. I, and (11, respectively Substitutson in the meso-positions produces 

positions of the bands to longer wave-lengths, the group II bands invariably being 
fteul te the greatest extent The results are discussed in terms of the extent of conjugation 
© substituent with the ring, and the influence of ster hindrance 


Tue ultra-violet absorption spectra of the polycyclic aromatic compounds have been extensivel) 
studied, particularly by Clar (“ Aromatische Koblenwasserstoffe,”” 1941), by Mayneord and 
Roe (f’ro Rey. S 1935, 4, 152, 200 1937, A, 158. 634), and by Jones (Chem. Reviews 1943, 
32. 1: 1047, 41,353. /. Amer. Chem. Soc, 1945, 67, 2127 The fluorescence spectra of many 
aromatic compounds have also been examined (Schoental and Scott, J, 1949, 1683). The 
«cumulated facts have been of value, not only for the identification of unknown aromati 
compounds, but also in the study of the inter-relationships of the compounds. Clar has drawn 
attention to the fact that there seems to be a relation between the position of the absorption bands 
and the chemcal “ reactivity of the compound, and Schoental and Scott have pointed to a 
similar relationship between the position of the fluorescence bands and “ reactivity.” In the 
former case the “ reactivity was largely associated with the “ Dewar” or “ pera-forms ™ of 
the hydrocarbon, and, in the latter, with the number of “ quinonoid " rings. Unfortunately, 
very little information is available on the relative reactivity of polycyclic compounds, and we 
regard this relationship between wave-length of the absorption (or fluorescence) bands and 
reactivit ss largely fortuitous That there is no divect relationship of this nature is at once 
apparent from the fact that both electron-attracting and electron-donating substituents produce 
shifts in the position of the absorption (and fluorescence) bands to longer wave-lengths. This 
has been shown to be the case not only for substitution in benzene (see ¢.g, Doub and Vandenbelt, 
|. Amer. Chem. Soe, 147, 69, 2714), but also for substitution in polyeyclic compounds (Jones, 
joe. cut Moreover, Schoental and Scott (Joc. cof.) observed similar shifts in the position of the 
fluorescence bands by beth types of substituent The nature and extent of the shifts produced 
by various substituents are still incompletely understood, however, and the present paper records 
the results of an investigation of the ultra-violet absorption spectra of a number of meso 
substituted | | 2-benzanthracenes 
The absorption spectrum (Pig. 1) of 1 : 2-benzanthracene (I) has been recorded by several 





(1950) Substituted Anthracene Derivatives. Part IV. 3073 
authors (Capper and Marsh, /., 1926, 724; Clar, Ber, 1932, 65, 503; Mayneord and Roe, Joo. es. ; 
Jones, ]. Amer. Chem. Soc., 1940, 62, 148). All the results are in substantial agreement with the 
curve obtained in the present work. In the near ultra-violet there are twelve well-defined 
absorption bands, and the labels A... K, introduced by Jones, have been retained for easy 
reference. The twelve absorption bands fall into three main groups which, in agreement with 
Braude (Ann. Reports, 1945, 42, 123), it is proposed to call I, II, and ILI, respectively. Group I 
includes the bands A, B, C, D, E, in the region of 28004. It is equivalent to the 2500 a. region 
of absorption in anthracene, and the 1800 a. region in benzene. Group II includes the bands 

F, G, H, 1, in the region of 3400 a., equivalent to the 3400 a. region in anthracene 

and the 2000 a. region in benzene. Group III includes the bands I’, J, K, in the 

region 3800 a., and is equivalent to the 2550 a. region of absorption in benzene 

The group III bands in anthracene are swamped under the group LI absorption. 

These sub-divisions (Clar, joc. cit.; Braude, loc. cit.; Doub and Vandenbelt, joc. 

cit.; Klevens and Platt, ]. Chem. Physics, 1949, 17, 470; Platt, ibid., p. 484; 
Jones, loc. cit.; Coulson, Proc. Physical Soc., 1948, 60, 257) now seem to be generally accepted, 
although the different authors have adopted various names (Table 1) for the groups, 

Fie. 2 
Curves showing the abearption spectra of 10-cyano- 


Fis. 1. 1: 2-bensanthracene ( -) and 10-methyl- 
Absorption spectrum of 1: 2-bensanthracene 1 : 2-bensanthracene ( } 
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Tasie I 
Nomenclature of different regions of absorption. 


Region of absorption, a Name of region 
Sanh 1 2-Benz- — Doub and Klevens 
Benzene. Anthracene anthracene. Brande Clar Vandenbelt and Piatt. 
lao 2h 2800 Group | §- Bands — hh 
(Bands A—E) 
2000 3400 3400 Group II fara- Bands Primary " L, 
Bands F—I) bands 
25.0) - 3800 Group Il a- Bands “ Secondary * ly 
(Bands I’, J, K) bands 





There seems to be little doubt that group I bands (of anthracene) are associated with 
longitudinal polarisation, and group II bands with transverse polarisation. The fine structure 
in each group must represent vibrational sub-levels of electronic excitation, and it has been shown 
that the frequency differences between the various maxima in the group II region of the anthra- 
cene are very nearly constant, and equal to approximately 1400 cm.” (Barnett, Cook, and Ellison, 
J. 1928, 885; Jones, Chem. Reviews, 1947, 41, 353). It does not seem generally known that 
similar constant frequency differences (which Jones associates with the C~H bending vibration) 
ase to ho Saund to. On spree. 65 OE aeeeres Sete eae ee eS 2-benz- 
anthracene. The average frequency difference for the maxima in the group I region of 
1 : 2-benzanthracene is 1490 cm.” ; that for the group IT maxima is 1300 cm.-'; but that for the 
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group Ill maxima is 700cm.~'. It is also noteworthy that the frequency difference between the 
fluorescence bands of benzanthracene and its derivatives is also constant, and is equal to 
approxunately 1400 cm.-* (calculated from the results of Schoental and Scott, Joc. cit.). 


Taste II. 
intensities (log E,,.,, ) im the ultra-violet absorption spectra 
1: 2-bensanthracenes (solvent, ethanol). 
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2. Bensanthracene (6) ®Acetoxy-I : 2-benzanthracene. (ce) 0-Methoxy-1I : 2-benzan 

(@) 10-Acetamido-1 ; 2-benzanthracene. (¢) 10-Acetoxy-1:2-benzanthracene. (/) 10- 

2- benzanthracene g) 1: 2-Benzanthracene-l0-carboxylic acid (4) 1: 2-Benzanthra- 

cene-l0-glyoxylic acid (() 10-Bromo-1 ; 2-benzanthracene (y) 1: 2-Benz-10-anthraldehyde 

(4) 10-Cyano-1: 2-benzanthracene. (/) 10-Ethoxymethyl-1 : 2-benzanthracene (m) 10-Hydroxy- 

methy!-1 : 2-benzanthracene (and acetate). («) 10-Nitro-1 : 2-benzanthracene. (c) 9: 10-Diacetoxy- 

1: 2-benzanthracene. (p) 9: 10-Diethyl-1 : 2-benzanthracene. (¢) 9: 10-Dimethoxy-1 : 2-benzan- 

thracene. (r) 9: 10-Diphenyl-1: 2-benzanthracene. («) 10-Acetoxy-9-methyl-l : 2-benzanthracene. 

(f)} 10-Bromo-%methy! 2-benzanthracene (w) 10-Cyano-9-methyl-1 : 2-benzanthracene. (v) 9- 
Methyt-! . 2-benz-l0-anthraidehyde (w) 9&Methyl-10-ethoxymethy!-1 : 2-benzanthracene. 


Substituted polycyclic aromatic compounds have absorption spectra which, in general, are 
very similar to those of the parent hydrocarbons, except that the bands are diuplaced towards 
longer wave-lengths (bathochromic shift). The magnitude of the shift depends on the position of 
substitution and on the nature of the substituent. Jones (/. Amer. Chem. Soc., 1940, 62, 148) 
has already shown that the effect of a methyl! substituent in benzanthracene is dependent on 
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the position of substitution, and that the bathochromic shift is greatest for the meso-substituted 
derivatives. The influence of the nature of the substituent is shown by the work of Jones (/. 
Amer, Chem. Soc., 1946, 67, 2127) and by that now reported. All the compounds examined are 
meso-substituted benzanthracenes, and the wave-lengths and extinction coefficients of the 
various maxima (A. . . . K) are given in Table II. 

The origin of the shift in the position of the absorption bands which results on the introduction 
of a substituent has always been somewhat obscure, but there now seems little doubt that it is 
largely to be associated with the mesomeric or resonance effect of the substituent : that is, with 
the degree of conjugation of the substituent with the ring system. Doub and Vandenbeit 
(loc. cit.), for example, have studied the shift produced both by ortho-para-directing and by meta- 
directing substituents on the absorption bands of benzene. In both series the magnitude of the 
shift parallels the magnitude of the mesomeric effect as estimated in other ways. The same 
conclusion, with respect to the methyl, hydroxyl, and methoxy! substituents was reached by 
Kiss, Molnér, and Sandorfy (Compt. rend., 1948, 287, 724). 

The effect of a substituent on the absorption bands has sometimes been classified as follows : 
(i) a bathochromic effect; (ii) a conjugation effect; (iii) a fine structure effect; (iv) a steric 
effect. Although useful for the purposes of discussion, it must be remembered that this classi- 
fication is entirely artificial. For example, Jones (Joc. cit., 1945) has discussed the conjugation 
effect only in terms of unsaturated substituents and those having a lone pair of electrons available 
for conjugation. There can be little doubt, however, that the major part of the shift produced 
by alkyl groups is determined by the very similar mechanism of hyperconjugation. It is note- 
worthy that the absorption spectra of cyano-derivatives are similar to those of the corresponding 
methyl derivatives, except that the absorption bands of the former are displaced to somewhat 
longer wave-lengths (see Fig. 2). Furthermore, the loss of fine structure which follows the 
introduction of certain substituents appears to be intimately connected with the extent of 
conjugation. 

Taare III, 
Average frequency shift (m.-) in each group of absorption and fluorescence bands produced by 
mono-meso-substitution im 1. 2-benzanthracene. 
Absorption. 
Substi- Group Group Group Fluor- 
I. Il. Ill. escence.* 


eee eevenw> 
a ee 


-o 


* These bands cannot be identified with certainty to loss of fine structure. Values given in 
theses must be r as a imate. See also Table II 
eit.) 


* Values calculated joeee’s Gute (loc. * Values from Schoenta!l and Scott (loc. cit.) 
The various groups of absorption bands in polycyclic compounds are not equally affected by 
the presence of substituents, and Jones (Chem. Reviews, 1947, 41, 353) used this fact in his 
interpretation of the directions of polarisation in the anthracene molecule, On the other hand, 
vibrational sub-levels in each group are shifted approximately to the same extent, and it is 
therefore reasonable to average the frequency shifts in the absorption bands of each group. In 
Table III, the average shifts in each of three groups (I, 11, and III) of bands, and the average 
shifts in the fluorescence bands, for all the mono-meso-substituted 1 : 2-benzanthracenes which 
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steric interference between the substituent and the pershydrogen atoms, and 

the “ benz- ring (in the case of 9-substituted derivatives) is sometimes very considerable 

. and 5}. This steric interference prevents the assumption of a co-planar 

. which ts usually considered to be a fundamental requirement for conjugation, 

and, indeed, according to Jones (Joc cit, 1945), a 9-methoxy-group is strained even when rotated 
90" to the plane of the ring. However, consideration of steric interference solely in terms of 
the substituent, ignores the fact that the group may be displaced as a whole 

below the plane of the ring system. Evidence that displacements of this type 


Pr. 4. Pia. 5. 
9: 10-Dimethesy-1  2- 10-Ntéro-1 : 2-benz- 
bemsanthvaceme anthracene. 


These scale diagrams are based on the dimensions given by Jones, loc. cit 


Fie. 6 Fie. 7. 


Curves showing the absorption spectra of 5 Curves showing the absorption spectra of 3° 4- 
phewyl-1 2.3) 4-dibenepyrene (II! ) henepyrene (V, ——, after Mayneord and 
and 9 WW-diphenyl-l | 2-bensanthracene Roe, loc. cit.) and 1 : D-imino-} : 2-benran- 
(Il, - } thracene (1V, - 
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do occur has accumulated in recent years (Newman and Hussey, /. Amer. Chem. Soc, 1947, 68, 
978, 3023. Ball and Waring, Chem. and Jd, 1949, 321; Everard and Sutton, /., 1949, 2312) 
It seems hkely that such displacements occur in many of the present compounds, for examination 
of Tables [1 and 111 mdicates that in no case is conjugation entirely prevented by steric hindrance. 
All the substituents give rise to shifts in all groups of absorption bands, although it must be 
admitted that the magnitude of the shifts is sometimes only a fraction of that which occurs in 
the absence of stenc hindrance 

With the ® and the 10-acetoxy-derivative, with 10-acetamido-1 : 2-benzanthracene, and 
with |. 2-benzanthracene-10-carboxylic acid, the steric effect must be considerable, and these 
substituents can only be conjugated with the ring system to a small extent. It is noteworthy 
that the shifts produced by the acetoxy- and methoxy-groups in the 9-position are much less 
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than those produced by the same substituents in the 10-position, where the steric hindrance 
(although still large) is not so marked (see Fig. 4). On the other hand, the shift produced by the 
nitro-group is surprisingly small when compared with that observed in benzene, and the steric 
hindrance does not seem to be sufficiently marked to explain the difference (Fig. 5). 
interesting in this connection that Doub and Vandenbelt also found the nitro-group to be 
Sr enemigos 


YD Roe - YY LO 
\ - OY OX CX Os 


(IL) (I1L.) (tv) (v.) 


The effect of phenyl substituents on the spectra of anthracene and similar compounds has 
already received considerable attention from spectroscopists (Hirshberg and Haskelberg, 
Trans. Faraday Soc., 1943, 39, 45; Hirshberg, ibid., 1948, 44, 285; Jones, Chem. Reviews, 1943, 
32, 1). In 9: 10-diphenyl-1 : 2-benzanthracene (II) the two pheny! groups produce a slight 
shift, although this is very much less than would be expected in the absence of steric interference. 
It is interesting to compare the spectrum of this compound with that of the very closely related 
5-pheny!-1 : 2: 3: 4-dibenzpyrene (IIT), from which it differs only by two hydrogen atoms. As 
a pee there is relatively little similanty between the two spectra. On the other hand, 

: 9-imino-1 : 2-benzanthracene (IV) is related to 3: 4-benzpyrene (V) in the same way as 
pat rrole is to benzene, or carbazole is to phenanthrene, and although the two curves have certain 
differences, there are also some close similarities. The ~NH- group does therefore simulate a 
~CH:CH- group to some extent, although much less closely than does a ~S~- group. 


Experimental —— ultra-violet absorption spectra were all determined, in absolute ethanol, by 
means of a Beckman DU Spectrophotometer. 


We are grateful to the Director of Chemistry, South Australian Government Department of Chemistry 
(S. D. Shield, Esq.), for permission to use the spectrophotometer. 
Jounson Cuemicat Laporatonies, 
UNiversiry OF ADELAIDE, (Received, June 13th, 1950.) 


601. Organosilicon Compounds. Part II. A “ Conversion Series” 
for Organosilicon Halides, Pseudohalides, and Sulphides. 
By C. Eaporn. 


Interactions of triethylsilicon and trimethylsilicon halides, pseudohalides, and sulphides with 
silver salts have been examined, and the “ conversion series,” R,Sil ——> ( )ys —> 
K,SiBr -——> K,SiNC ——> R,SiCi ——> R,SiINCS —-> R,SiNCO, has been A 
——— Bye he be converted into any other on its right in good yield by boiling it with the 

silver salt, but cannot be oa converted in this way inte a compound 
~- its left (except that some conversion K,SiC! <a R,SiNC occurs). Possible extensions of 
these series are discussed, and it is suggested that the conversion series,"’ Sil >» (Si) S —» 
=SiBr (-—>» [SSiH) —> [Sr NC and [SiC] ——> [Sir NCS —»> BSr NCO —> (]Si),O and 
=SiF, may be for interactions of stlicon and organosilicon compounds with malts 
bye F. iscussed in terms of the solubilities of the salts and of * ‘sonic bond 


“ stability series” based on these “ ionic bond energies.” is proposed for silicon compounds 
The first organosilicon sulphides are reported. 


Iw the past few years the interaction of silver pseudohalides and organosilicon chlorides, usually 
in benzene, has been used to prepare organosilicon pseudohalides, K,SiX,.,. where X «= -~NCO 

or ~NCS, and R = alkyl or pheny! (Forbes and Anderson, J. Amer. Chem. Soc., 1948, 70, 1043, 
1222; Anderson, ébid., 1947, 68, 3049; 1948, 70, 1220; 1949, 71, 1801; 1950,72,196). Recently 
prea eB oo een ten hg tn mca reReeny porama, ep 

the interaction of organosilicon iodides and silver cyanide in the absence of solvent (Part I of 
this series, J., 1949, 2755). Tho poesent investigation begen when heunsthyidiciithian,° 


* For the nomenclature disilthian for see Compt. rend. XVth Conference, Internat. Union 
Pure Appi. Chem. (Amsterdam), 1949, p. 127. 
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(Et,Si),8, prepared by interaction of silver sulphide and triethyliodosilane in the absence of a 
sivent, was found to be almost quantitatively converted into triethyichlorosilane by silver, 
lead, or cadmium chloride. The reactions of h thyldisilthian and of all the known triethyl- 
silyl! halides and pseudohalides with silver salts were examined, to see which conversions were 
possible and which mm 

Conversion Series for Triethylstlicon Derwatives —As has been briefly reported (Nature, 1950, 
166, 645), it was found that conversions take place either almost completely or inappreciably 
(with the exception noted below), and that the compounds fall into a well-defined series : 

Et,Sil ——> (Et,Si),S ——> Et,SiBr ——> Et,Si' NC —> Et,SiC] —-> Et, Sir NCS —-> Et, Sir NCO 
Any compound im this series may be converted into any other on its right by heating it with the 
appropriate silver salt. The yields, in the main, exceed 90°,, exceptions being the preparation 
of hexaethyidisilthian from triethyliodosilane and of (tso)cyanotriethylmlane from chlorotriethy]- 
silane. All the conversions except the last are probably almost quantitative, since no 
appreciable amounts of the original silicon compounds are recovered. A compound does not 
react with the appropriate silver salt to give detectable amounts of any compound on its left, 
except that the chloride is converted in small yield into the (ise)jcyanide. Only in the case of 
the (tso)cyanotriethylailane-chlorotriethylsilane conversion is there an equilibrium falling 
within the limits of detection on a preparative scale, and with these compounds it probably lies 
at > 80°, conversion into the chloride, Although the series has been investigated fully only for 
silver salts, it seems that in some cases other heavy metal salts may be emploved. The con- 
versions §=6(Et,S0,5 + PoClL or CdCi,——> Et,Sici, Et,SiBr + CuCNS —> Et,Si-NCS, 
Et,SireNC + CuCNS —>» Et,Si'NCS, for example, were successful. Mercuric salts are effective, 
but their volatility leads to contamination of the organosilicon product. Silver salts are 
undoubtedly the most generally satisfactory of those examined 

Generality of the Conversion Serves. —A similar series Me, Sil —-> (Me,Si),S —-> Me,SiBr —> 
Me, Sie NC ——> Me,SiC] ——> Me, Sie NCS ——» Me,Si-NCO has been satisfactorily established for 
trimethyisilicon derivatives, although in this case not all the possible conversions of a compound 
to any other on its nght were attempted, for it seemed sufficient to establish that a compound 
could be converted into the one immediately on its nght. In the few additional cases examined, 
* forward " conversions were confirmed, and “ backward“ conversions found not to occur 
[In this series, the equilibrium mixture of the (iso)cyanide and chloride over the silver salts 
appears to contain rather more of the (1sc)cyanide than is the case in the triethylsilicon series.) 

It is reasonable to expect similar series to apply to trialkylsilicon derivatives other than the 
triethyl and the trimethy! compounds, and it seems worth while to consider whether the order of 
the conversions may not apply generally to interactions of silicon and organosilicon derivatives 
with metallic halides in non-polar environments. Anderson has effectively demonstrated the 
generality of the reaction of K,SiCl,_, compounds (* « 0—3) with silver thiocyanate and silver 
cyanate (usually in benzene or a similar solvent, but often also in absence of solvent) to give high 
yields of the R,Si(NCS),., and R,Si(NCO),., compounds, where RK may be not only an alky! 
group, Me, Et, Pr®*, Pr’, Bu®, or benzyl, but also phenyl, methoxy, or ethoxy (J. Amer. Chem 
Sox 1947, 68, 3049; also loce. cit. and references therein) The conversions Si,OCI, 
AgNCO —> SOS NCO),, Si,OC], + AgNCS ——» Si,O(NCS),, and Si,0,Cl, + AgNCO —> 
Si,O,(NCO), also take place (Forbes and Anderson, thid., 1947, 68, 3048). Furthermore, the 
reactions Et,Sil, + AgCN ——» Et,Si(NC), (Part I) and Me,Si(NCS), + AgNCO — > 
Me,Si(NCO), take place, and di-iododimethylsilane reacts readily with silver sulphide and silver 
cyanide to give solid products which have not been fully investigated, but which are probably 
dimethylstheon sulphide, (Me,SiS),, and di(iso)cyanodimethylslane respectively 

As for the inorganic silicon compounds, Mellor (‘" A Comprehensive Treatise on Inorganic and 
Theoretical Chemistry,”’ Vol. VI, 1940, pp. 967, 984, 986), records the following conversions : 
Sil, + HeCl, > Si,Cl,; SIS, + HgeCl,-——> SiCl,; SiS, + Hg(CN), ——> “ silicon cyanide "’ ; 
Cl, + PDICNS)——» “ silicon tetrathiocyanate ; and he records no reaction of a silicon 
compound with a metallic salt which contradicts the “ conversion series found for triethyl- and 
trimethyl-silicon derivatives. The interaction of iodosilane with silver cyanide to give “ silyl 
evanide, SH CN,” has been described by Emeléus, Maddock, and Reid, (/., 1941, 353), and the 
production of bromeachlorosilanes by interaction of tetrabromosilane and the appropriate 
quantity of antimony trichloride has been described by Schumb and Anderson (J. Amer. Chem 
Soc, 1937, 58,651). Anderson has recently shown that the conversions SiCl-SH + AgNCO——> 
S(NCO),, and SCL Br, + AgNCO—» Si(NCO),, take place in benzene (ibid., 1950, 72, 193) 

As far as evidence is available, then, the nature of the other groups on the silicon atom 
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appears not to affect the positions of the various halides, pseudohalides, and sulphides in the 

*‘ conversion series,” NO ee i eee ce ee 
=SiBbr —> = SirNC and ==SiC! —> =Sr'NCS —-> [Si NCO as of very wide applicability, if 
not, indeed, as a general one. The series would be contradicted, of course, only by evidence 
of transformations proceeding against the direction of the series; failure of an expected 
“ forward " transformation cannot be regarded as particularly significant in view of physical 
factors (¢.g., low solubility or low rate of dissolution of the salt, and coating of the salt with an 
inactive compound) which might make the conversion very slow. In some cases special causes 
of the failure of expected transformations to take place may be suggested ; for example, although 
lead chloride added to triethyliodosilane immediately becomes yellow, no further reaction occurs, 
possibly because of the formation of a coating of lead iodide on the chloride. Again, the fact 
that tetraisothiocyanatosilane does not react with silver cyanate (Anderson, ]. Amer. Chom Soe., 
1950, 72, 193), although successful transformation does occur with triethylisothiocy 
trimethylisothiocyanatosilane, or dimethyldisothiocyanosilane, may be attributable to steric 
hindrance, the case being analogous to the failure of tetrabromosilane to react with Grignard 
reagents (Wilkins, Brown, and Stevens, J., 1960, 163). 

Extension of the Series —The possible extension of the “ conversion series "’ on the right to 
include fluorides and oxides may be considered in view of the numerous examples of conversions 
of silicon and organosilicon chlorides into oxides and fluorides by metallic oxides and fluorides 
¢.g., (oxides) Shaw, Smith, and Emblem, B.P., 606,301; Vyle and Kipping, ]., 1024, 125, 2616; 
(fluorides) Emeléus and Wilkins, ]., 1044, 454; Schumb and Gamble, /. Amer. Chem. Soc., 1932, 
54, 583; Booth ef al., ibid., 1946, 68, 2650 ef seg.). Furthermore, (iso)cyanotriethylsilane and 
triethyliodosilane are converted into hexaethyldisiloxan by mercuric oxide (Part I), hexaethyl- 
disilthian and bromotriethylsilane are converted into hexaethyldisiloxan by zinc oxide. 
Triethylisothiocyanatosilane appears to give some hexaethyldisiloxan with zinc oxide; triethyl- 
tsocyanatosilane is unaffected by zinc oxide, but probably gives hexaethyidisiloxan with mercuric 
oxide. Hexaethyldisiloxan is unafiected by silver cyanate 

Silicon bromides and iodides may be converted into fluorides by metallic fluorides (Schumb 
and Anderson, ibid., 1936, 58, 994; Anderson, ibid., 1950, 72, 193). Tetraisocyanatosilane with 
antimony trnfluorde gives tetrafluorosilane and tsocyanatofl | (Forbes and Anderson, 
ibid., 1947, 69, 1241). While in the present work isocyanatotriethyisilane was not found to 
react with silver fluoride or zinc fluoride, triethylfluorosilane was found to be unaffected by silver 
cyanate, and it seems probable that, with appropriate metallic fluorides, all the other silicon 
halides, pseudohalides, and sulphides would be converted into the fluorides. The evidence 
available does not allow siloxans and fluorides to be separated in the “ conversion series." In 
the present work triethylfluorosilane was unaffected by prolonged boiling with silver, mercury, 
or zinc oxides, and fluorotriphenylsilane (chosen for its high boiling point in an attempt to 
hasten any reaction) was unaffected by prolonged boiling with zinc oxide, whereas hexaethyldi- 
siloxan was apparently slowly converted into a mixture of triethylfluorosilane and diethyidi- 
fluorosilane by mercurous, mercuric, zinc, and antimony fluorides, but it is not certain that the 
essential reactions were between the siloxan and the metallic salts (see Experimental section). 
Difluorodiphenylsilane is reported to give a trimer of diphenylsilanone (‘' dipheny! silicone *’) 
when boiled with zinc oxide (Shaw, Smith, and Emblem, F.P. 946,003), and gaseous silicon 
tetrafluoride is converted into silica or silicates by various metallic oxides (see Mellor, of. cit., 
p. 939). Itis probably advisable to group fluorides and siloxans together on the extreme right 
of the series. 

The interaction of triethylsilane with silver salts was examined, and the interactions giving 
(sso)cyanotriethylsilane, triethylisothiocyanatosilane, and tsocyanatotriethylsilane were found 
to take place (with evolution of hydrogen), whereas no reaction takes place with silver sulphide 
or bromide. Very little reaction occurs with silver chloride, but reaction does occur with mercuric 
chloride, to give chlorotriethylsilane (the gas evolved in this case being apparently hydrogen 
chloride). Mellor (op. cit., pp. 221, 939, 970) reports the reactions SiH, + SbCl, or SnCl, —> 
Si,Cl,, SIHCl, + SbF, —~> SiF, (but SiHCl, + SnF, or TiF,——> HSiF,). It seems clear that 
in the conversion series the =-SiH group must be placed to the right of the ==SiBr and to the 
left of the =Si-NC group, it being remembered, of course, that conversions of —SiBr, =Sil, and 
(=Si),S compounds into SiH compounds by heavy-metal hydrides are not possible because of 
the instability of these hydrides. The extended conversion series may, then, be written : 
=Sil —> (=Si),S —> =SiBr —> (=siH —>») 








ereow—r—— co—_——o OF 
=SsrNnC, SSiCi —> [Si NCS —> SSi NCO —> (BSi),O, SSiF, 
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where — Se NC and = SvCi have been written together because they form an equilibrium mixture 
over silver salts. 

The Nature of the Interactions. —The experimental evidence allows no decision to be made with 
regard to the mechanism of the interactions. The silicon atom is particularly susceptible to 
nucleophilic attack, and it is probable that the reactions bear some analogy to the “ halogen- 
exchange “ reactions of organic chemistry, 1. ¢., that the determinant step in the interaction of a 
silicon compound, =2SiX, with a metal salt, MY, is the nucleophilic attack of the Y~ ion on the 
silicon atom. However, the fact that silver salts (and, as far as they have been examined, 
mercuric salts) are outstandingly effective suggests, by analogy with organic chemistry, that 
the metal ions play some significant part in the reactions, possibly assisting the separation of 
anions from silicon. The solid metallic salt may have a catalytic effect, but the fact that a 
particular interaction sometimes takes place more effectively in one solvent than another 
(Anderson, /oce. cit.) suggests that the reaction is mainly between entities in solution. Support 
tor this view is found in the fact that when a silicon tsocyanide and chloride form an equilibrium 
mixture over silver chloride and cyanide, the composition of this mixture is not affected bv 
excess of either salt—as is to be expected if the solubilities of the salts govern their effective 
concentrations 

Factors governing the Order of the Conversion Series."’-—Without any particular mechanism 
for the interactions being specified, it seems that the two factors most likely to govern the 
direction of a =—SiX ——> S=SiY conversion are, first, the relative solubilities of the silver salts 
MX and MY, which determine the effective concentrations of the X~ and Y~ ions and, secondly, 
the relative affinities of silicon for X and Y 

Evidence that the solubilities of the salts, while they must be important, may not be the 
major factor determining the order of the “ conversion series “ is found in the following facts 
(a) While silver salts are the most generally effective, salts of several metals (mercury, lead, 
cadmiom, zinc, copper, and antimony) have been employed in particular conversions. It is to 
be expected that the relative solubilities of the various salts do not have the same values for al! 
the metals concerned, and that if solubilities were the determinant factor the series established 
mainly for silver salts would be contradicted with saits of some other metals. (6) Only for the 

Se NC ——»> SiC! interconversion is there a detectable equilibrium. More examples of such 
equilibria would be expected if salt solubilities determined the completeness of reactions. (c) If 
the solubilities of the silver salts in the organosilicon liquids retain the order found for water, vsz, 
Ag,5 << Agl < Agr < AgSCN < AgNC < AgCl < AgNOCO, then sulphides and thiocyanates 
fall markedly out of their expected places in a conversion series determined by solubilities. (¢) 
Metal oxides, sulphides, and fluorides are normally highly insoluble, and yet are effective in 
conversions. (¢) While trethyislane is converted into triethylsilicon (iso)cyanide, ssothio- 
cyanate, and tsocyanate by the appropriate silver salts, no reaction occurs with silver bromide, 
chlonde, or sulphide, although it seems unlikely that the instability of silver hydride allows even 
a very small concentration of hydnde sons to be maintained 

The affinity of silicon for the negative groups might be expected to be related to the various 
Si-X bond strengths, and the order of increasing Si-X bond energy (Sidgwick, “ Chemical 
Elements and their Compounds,’ 1950, p. xxxi) shows a striking similarity to the “ conversion 
series,’ oer.) Servi, 611; Ses, 6090, Sr-Br, 603; SiH, 75:1; Sir-Cl, 86°8; Si-O, 893; Si-P, 
127-0 keals. It was, in fact, from consideration of this order that the interactions of triethylsilane 
with silver salts were examined, and the compound was found to fall into the expected place in 
the conversion series. It is significant that tetraethylsilane, however, is not affected by silver 
salts and the SicC bond (bond energy, 60°1 kcals.) does not fall into its place |Emeléus, Maddock, 
and Reid, (/., 1041, 353) derived other values for some of these bond energies, mainiy as a 
result of asing a different value for the heat of atomization of silicon. Use of their values 
would necessitate little modification of the discussion below if all the bond energies were 
adapted to the alternative heat of atomization 

Such a simple relationship between bond energy and the direction of conversion must, 
however, be regarded as somewhat fortuitous, for in these reactions, involving ions, it seems 
highly probable that the Si-X bond breaks heterolytically and not to give atoms. A measure 
of the energy necessary to break the various Si-X bonds into Si* and X~ (called by Remick the 
" jamie bond energy ") is obtained by adding to the bond energy the ionization, potential of 
silicon (187-1 heals /g.-mol) and subtracting the electron affinity of the group X (cf. Remick, 

Electronic Interpretation of Organic Chemistry,” 1943, p. 223). The results are shown in 
the Table 

In utilizing the ' tonic bond energies “ it has to be assumed that they are not greatly affected 
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by the nature of the other groups on the silicon atom, or by ion-solvation in weakly polar media. 
The figures for the SiS and Si-O bonds apply strictly to compounds of the type =Si-SH, 


Bond. 


ste 


eee 
~Omy 


21 
16-4 


energies are from Sidgwick, op. cif. * Electron affinities are 
West (J. Physical Chem., 


shal. Chem., 1937. 36, B, 362) for OF have boon empleyed in 
ulpbur wr and oxygen atoms. 


£LE 


The order of increasing *jonic bond energy” is seen to differ from the order of the 
" conversion series ‘ in the two cases (viz., in the positions of —Si,5 and —=SiH compounds) in 


bond energies " than by the simple bond energies 

the order of the “ conversion series ’ " as governed mainly by the affinity of the silicon atom for 

the various groups, as indicated by the “ ionic bond energies,"’ though salt concentration effects 

(governed by the Solubility or stability of the salt) may be great enough in some cases to cause 
‘ displacements *’ from the expected order. 

The energy required to break the Si-X bond into Si’ and X~ is, of course, lower in all cases in 
solvating media, and, if the heats of hydration of the ions I~, Br~, Cl", F~, and H™ are taken as 
46, 58, 64, 96, and 96 kcals. /g.-mol. respectively (Eley and Evans, Trans. Faraday Soc., 1938, 84, 
1093; the H~ ion, having a radius close to that of the F~ ion is assumed to have a similar heat 


of solvation), the endothermicity of the processes SiX > =si" + Xz, are: for Sil, 116; for 
SiBr, 114; for SiC], 123; for SiF, 124; and for SiH, 150 keals./g-mol. [There can be little 
doubt that solvation of the separating ion considerably facilitates nucleophilic attack on silicon, 
particularly the attack of a neutral molecule such as water, and the importance of the solvation 
of the separating ion has been emphasised in the hydrolysis of triarylifluorosilanes in 
aqueous acetone (Swain, Esteve, and Jones, J. Amer. Chem. Soc., 1949, 71, 965), and 
kinetically demonstrated in the hydrolysis of trialkylsilanes in aqueous-alcoholic alkali (Price, 
ibid., 1947, 68, 2600) It is, thus, not surprising to find that interaction between silicon chlorides 
and water, which is so very vigorous in the liquid state, does not occur at all in the gas phase 
(Hudson, X1 Vth. International Congress Pure Appl. Chem., London, 1947).} 

Solvation of the halogen ions tends to counteract the differences in the energies required to 
split the various bonds to give ions, and transformations seemingly contradicting the ‘' conversion 
series’ may appear in solvating media. Thus, the hypothetical reaction 1, + =snCl—> 
=Sil + Ciz,, in water, is seen to involve a heat absorption of only 7 kcals., the pr 
I- + SsiCl—> =Sil + Ci~ involves a heat absorption of 25 kcals It is not, of course, 
possible to examine this reaction in aqueous solvents, but it was found that in acetonitrile, a 
solvent of medium solvating power, chlorotriethylsilane is converted into triethyliodosilane by 
sodium iodide, the conversion being facilitated by the lower solubility of the sodium chloride. 

A “ Stability Series” for Organosilicon Compounds.—The ordcr of “ ionic bond energies ” 
should provide a guide to the relative reactivities of the various types of =SiX compounds in 
those cases which involve ionic fission of the Si-X bond, i.¢., presumably in the vast majority of 
reactions in solution. It is certainly clear that the “ ionic bond energies "’ give a more accurate 
indication of the relative reactivities of the various compounds than do the simple bond energies, 
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and this is particularly evident for the Si-F, Si-H, and Si-C bonds, the first of whach is more 
feactive, and the other two considerably less reactive, than would be expected from the simple 
bond energies. That the reactivity of the Si-S bond is also more accurately indicated by the 
“ jonic bond energy “ than by the simple bond energy is suggested by the fact that triethoxy- 
silanethiol is formed by interaction of trichlorosilanethiol with three moles of alcohol, the Si-Ci 
bands being broken more readily than the Sr-SH bond (Friedel and Ladenburg, Annalen, 1867, 
146, 178). The “ tonic bond energies” divide the various types of compound fairly sharply 
into two classes, the ==Sil, =9Silir, =SiCl, and ==SiS~ compounds, and the =SiF, =Si0', 
=SrC—, and ==SiH compounds, the second class being considerably less reactive than the first 
in, for example, hydrolysis and attack by acetone 

The “ ionic bond energies “ of the Si-N bond in the silicon pseudohalides cannot be estimated 
because the required electron affinities are not available, but in view of the fair agreement 
between the “ conversion series “ and the order of “ ionic bomd energies "’ it seems reasonable 
provisionally to write a“ stability senes “ in which the sihcon pseudohalides fall into the position 
they occupy in the “ conversion series" The order of decreasing reactivity of the various types 


en 


of compounds would then be Sil, SuBr, Sicl, =Sr NC, SiS-, =SrNCS, =Sir NCO, 
SF, Ss0-, = Sir C=, —=Sil 

Ease of hydrolysis is in general agreement with the proposed series. Silicon iodides, 
bromides, chlorides, (sse)cyanides, and sulphides hydrolyse very readily, fluorides less readily, 
and silicon esters, siloxans, and silanes (="SiH) require alkali for hydrolysis, (The series is in 
error im indicating that Si Alkvi bonds should be more reactive than Si-H bonds, and this may 
be because solvation of the small hydride ion is likely to make SiH compounds more reactive } 
These generalisations have been supplemented by examination of the hydrolysis of triethylsibcon 
derivatives. Triethyisily! iodide and bromide are very readily hydrolysed by water alone, in 
spite of their low solubility. The hydrolyses of triethylsily! sulphide, chloride, tsocyanide, 
isothiocvanate, ssocyanate, and fluoride, and of triethylsilane were compared in dioxan solution 
Under comparable conditions, the first three compounds were probably completely hydrolysed, 
triethylsilyl isothiocyanate was approximately 50°, hydrolysed, triethylsilyl tsocyanate was 
less than 20%, hydrolysed, and triethylsily! fluoride and triethylsilane were not appreciably 
affected. The agreement with the proposed “ stability series "' is apparent 

Attack by Grignard reagents is generally easier with compounds on the left of the series than 
with those on the right, but there are anomalies. lodides, bromides, chlorides, and (iso)cyanicdes 
are readily attacked (except when there is steric hindrance—cf., ¢g., Wilkins, Brown, and 
Stevens, /., 1950, 163, Nebergall and Johnson, |]. Amer. Chem. Soc., 1949, 71, 4022), but methy! 
groups may not be attached to silicon by interaction of silicon tetraisocyanate and Grignard 
reagents (Forbes and Anderson, :did., 1948, 70, 1222), and in the present work it was found that 
(ss0)cyanatotriethyislane was not attacked by methylmagnesium iodide. From the position of 
the Sr-S~ bond im the “ stability series "' it was thought that it would be attacked by Grignard 
reagents; the failure of hexaethyidisilthian to react with methylmagnesium iodide may be 
steric in origin, and analogous to the failure of alkoxytnalkvisilanes and hexa-alkyldisiloxans to 
react with Grignard reagents, although the Si-O bond in KR Si(OR),_, (4 = 0—2) and in (R,SiO), 
compounds is broken by these reagents (Di Giorgio, Strong, Sommer, and Whitmore, sbid., 1946, 
68, 1380, Kipping and Hackford, /., 1011, 99, 138; Sauer, /. Amer. Chem. Soc., 1944, 66, 1707 
Lithium alkyls in ether attack even the Sr-H bond (Gilman and Clark, ]. Amer. Chem. Soc., 
1946, 68, 1675), and im the absence of stenc effects it seems likely that all the bonds listed will be 
susceptible to attack by these reagents 

The Sr-Cl bond has been shown to be attacked slowly by lithium hydride in boiling dioxan 
and very readily by lithium aluminium hydride in ether (Finholt, Bond, Wilzbach, and 
Schiesinger, iid, 1947, 69, 2602 Reaction with lithium hydride in dioxan is of particular 
interest, im that the susceptiflities of various types of compound to attack by a (presumably 
very small but definite concentration of hydnde tons may be compared. In the present work 
triethvisilyl bromide, wxdide, chieride, and (iso)cvanide were found to be attacked by lithium 
hydride in diowan; hexaethyidimlthian was very slightly attacked, and triethyisily! iscthio- 
cyanate and fluoride gave no evidence of attack under comparable conditions. This behaviour 
is in accord with what would be expected from the “ stability series." The effectiveness of 
lithium bydride is apparently limited by its very low solubility; lithium aluminiom hbvdride 
which behaves as a potential source of hydride ions (Trevoy and Brown, idid., 1949, 71, 1675) has 
been found to reduce trethyliflucroglane to triethyislane very readily, giving a high vield 


It may be concluded that, while the evidence for the proposed “ stability series " is far from 
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complete, this series, based mainly on “ ionic bond energies,” does give a general indication of 
the relative reactivities of the various types of silicon concerned. 

Preparative Methods and New Compounds.—-The possible value of the “ conversion series © in 
the preparation of new compounds is apparent. In the present work all the conversions were 
carried out in absence of solvent to avoid losses, but in view of Anderson's work there seems 
little reason to doubt that the majority of the conversions reported would take place in weakly 
polar solvents. The disadvantage of using no solvent is that high temperatures are necessary to 
force the last traces of organosilicon compound from the solid; this does not appear to lead to 
any serious decomposition of the product, which, however, is contaminated in some cases 
(particalarly on distillation from silver pseudohalides) by gases from the decomposition of the 
silver salt. This difficulty does not arise, of course, in purely preparative work when the last 
few drops of product may be neglected. An important advantage of omitting the solvent is that 
the reflux temperature indicates the progress of the reaction, and by this means several 
conversions were found to be complete in a few minutes of heating. It is of mterest that 
Anderson (ibid., 1950, 72, 196) found the conversion of chiorotriethylsilane into isecyanatotri- 
ethylsilane to be unsatisfactory in benzene (and added nitromethane to the solvent to improve 
the yield), whereas in the present work the reaction was found to be complete after ca. 5 minutes’ 
heating in absence of solvent. 

It has become clear that alkyl(iso)cyanosilanes may be prepared pure more conveniently 
from alkylbromosilanes than from the iodosilanes previously employed (Part I, /., 1949, 2755). 
(:s0)Cyanotrimethylsilane boils rather higher than was expected, but there seems no reason at 
present to amend the original suggestion that the compounds are silicon tsocyanides rather than 
cyanides. That the (tso)cyanide group is replaced by Grignard reagents has been confirmed by 
interaction of (iso)cyanotrimethylsilane and phenylmagnesium bromide 

Hexaethy!- and hexamethy!-disilthian are the first organosilicon sulphides to be reported, 
presumably because the preparation of such sulphides depends on the availability of alkyliodo- 
silanes, which have only recently been investigated (see Part I). The silthians are of particular 
interest as the analogues of the siloxans, which are of such importance at the present time, but 
the sulphur compounds lack the stability of the siloxans. Hexaethyldisilthian is readily and 
completely hydrolysed when brought into solution, although it is surprisingly resistant to water 
and aqueous alkali, apparently because of its insolubility; it has an unpleasant, quite character- 
istic odour; hexamethyldisilthian smells more strongly of hydrogen sulphide. It is of interest 
that the hydrolyses of (ssojcyanotnethylsilane, tnethylisocthiocyanatosilane, and hexaethyldi- 
silthian give good yield of triethylsilanol, unlike the hydrolyses of triethylhalogenosilanes 
which give hexaethyldisiloxan unless special precautions are taken (cf. Sommer, Pietruaza, and 
Whitmore, /. Amer. Chem. Soc., 1946, 68, 2282). The stability of the triethylsilanol in the three 
cases referred to is probably a result of the absence of formation of strong acid in the hydrolyses. 

The bromotriethylsilane and chlorotriethylsilane employed were mainly prepared by 
interaction of triethylfluoromlane with aluminium bromide and chloride respectively, The 
production of alkyliodo-, alkylbromo- and alkylchloro-silanes by interaction of alky!fluorosilanes 
with aluminium halides appears to be a useful method of wide applicability ; details will be given 
in a separate communication. 

Interaction of dimethyldiphenylsilane and iodine in presence of aluminium iodide gives 
di-iododimethy|silane in good yield, extending the series of alkyliodosilanes reported in Part | 
The first phenyl group appears to be replaced considerably more readily than the second. The 
use of aluminium iodide as catalyst has increased the yield of iodotrimethylsilane in the 
interaction of iodine and trimethylphenylsilane from 56%, after 12 hours’ boiling (Pray ef ai., 
ibid., 1948, 70, 433) to 90%, after 2 hours’ boiling. 

In attempts to replace the iodine atom by the nitro-, nitrate and carbonate groups, the 
interaction of triethyliodosilane with silver nitrite, nitrate, and carbonate was examined. In 
each case gas was evolved and hexaethyldisiloxan was formed. 


EXPERIMENTAL. 
(All b. p.s are corrected.) 


Analyses.—Alkyliodo-, alkylbromo-, and alkyichloro-silanes were analysed for halogen by adding 
weighed samples to aqueous dioxan containing a small exvess of potassium hydroxide and diluting the 
solutions to a standard volume with such proportions of water and diexan as were necessary to maintain 
a clear solution. Aliquots were run into excess of water, and halogen ion was determined by the Volhard 
method. Alkylisothiocyanatosilanes were hydrolysed in the same way, and thiocyanate ion was titrated 
against silver nitrate. Alkylisocyanatosilanec were hydrolysed in the same way, and aliquots of the 
resulting solution were made just acid to phenolphthalein with dilute acetic acid, excess of standard 








present 
mode ia the calcelatien fer the solubility of silver cyanate in the meneured vulume of water used 
( wenn te Ae othe Sty cae ible error of at least 1 Sulphur im 
was determined oy ebiiing © haven weight of he euetanen (ss. g.) to a shght 
ee ees 10 mi. of water + 20 mi. of dicxan) : the poasiplanted ciiver 
with dioxan and much water, was dissolved in boiling dilute nitric acid, and 
vonse silver eeiioatanl te dei 
Mcroanalyses —Carbou, bydrogen, and aitrogen were determined by Drs. Weiler and Strauss, Uxtord. 
General ~~ Atmospheric masture was exc buded from ali reactx ns by means of sulphurte acid bubbi 
ni ay ee OO yay meg “ qxamnd prepared from triethylsilane, tetraethylisilane, of triethy!- 
fvuorus lane, eo desesibes in 
Trieth yip sewd. . — These were prepared mainly from b thylmlane by interaction 
with the appropriate silver salt, but samples prepared incidentally in other experiments were, of course, 
also employed 














Trimethylsily! Derivatives — These were prepared from iodotrimethylsilane or bromotrimethylsilane by 
imteraction with the appropriate silver salts 


Trimethyiphenylsiane and Dimethyldiphenylniane — 4 few drops of bromobenzene were added to a 
solution of dichlorodimethylsilane (256 g.. 2 mols.) im ether (250 ml), containing um turnings 
(36 g., 2-25 mols.) When reaction began, bromobenzene (354 ¢.. 2-25 mols.) in ether {1-5 | ) was added 
daring 5 hours, with vigorous stirring. Further magnesium (55 g.. 2-25 mols.) was added, followed by 
methy! sodide (319g . 2-25 mols.) in ether (500 mi), added during 2hours. Much solid separated The 
mixture was boiled under reftux for 10 hours, and then treated with dilute sulphuric acid. The etherea! 
layer, after being dried (Na,S0),), was fractionated to give trimethyiphen ae patter 48%), 
bp. ir Tho sesidue rele the tastionstion waseunhtued with = cieading ceniine second prepar- 
ation, and distillation gave 90 mi. of impure < dimethyidiphenylmlane, b. p 275-284 a (Pound _7ae 
HL 74. Cake. for C,,H,,Si: C, 702, H, 76%), 


lodotrimethyiniane —-The method of Pray ef a. (loc. et.) was modified by aluminium ~ paar a 
catalyst. lode (124 ¢.. 0409 mol) was added in ca. 20-g. portions to trimethy yisilane (75 g.. 
mol), containing aluminium iodide (1 g.), and the liquid was boiled under reflux after each addition ae 
the tadine had been largely consumed. Further aluminiom iodide (1 ¢.) was added when ca. 6 ¢. of 
vwxtine had been weed. All the iodine had reacted in a total of 2 hours’ boiling. The product was 
fractionated, after the addition of a little antimony a = Aa iodotrimethyisilane (04g 94%, 

b. p. 106-8° 742 mm. (Pound. 1, 63-5. Cale. for CH,IS: Se ees engetines wodotri- 
methylstlane was obtained in 82%, yield, and todobenzene -, 2% wis 


Di-iedodimethylniane.——ltodine was added in ca. 10-g. portions to dimethyldiphenyisilane (71 «., 
0-33 mol) containing aluminium podide (2 g.), and the liquid was boiled under reflux after each addition 
until the iodine colour was removed. After 85 g. (1.¢. ca. 0-33 mol.) of iodine had been used in | hour 
(and presumably one pheny! group per molecule had been replaced), further removal of iodine was slow in 
spite of further additions (total ca. 4 g.) of aluminium iodide. After a total of 15 hours’ boiling, when 
ea. 162 ¢. of toxdtine had been used, fluorotri- —_o (ca. 10 ml.) was added and the liquid was 
boiled for } hour to destroy the alummium textile The product was fractionated after the addition of a 
little antimony powder, to give di-tododimethylulane (76 g., 74%), b. p. 170-0°/760 mm. (Foand = I, 81-2 
CH LS requires I, 41-3%). The colourless, strongly-fuming liquid has a high density (ca. 2-2). It 
reacts with silver cyanide and with silver sulphide to give white solids (m. p.s ca. 85 and 110°, respectively 
which are under investigation 


Hromotrimethylsdane —This was prepared from bromine and trimethylphenylsilane (Pray ¢f a/., lox 
cit). A 10% excess of trimethylphenylsilane was employed. The yield / Jon Br used) was 95%, 
and the b. p. 70-4° 760 mm 


ino) C yanotrimethylulane.— Bromotrimethylsilane (15-3 g.. 01 mol.) was added to silver cvanide 
18 ¢.. 0133 mol.) considerable heat was developed on mixing, and the solid immediately became bright 
yellow. Whee heat was applied, the reflux temperature rose to 115° in 5 minutes, After } hour's 
healing, the liquid was slowly distilled from the solid, and redistilled to give (iso)cyanotrimethyisilane 
90g. 0%), bp llt-—117 The bulk had b. p. of 116° /750 mm., m, p. 11-5" 4 0-5" (Found ; C, 48-4 
H, Ot: CN, 262 CH NSi requires C, 4845, H, @15; CN, 262%). The liquid is colourless, and 
amelie strongly of bwdrogen cyanide 


Iateraction of (iso)Cyanotrimethyliulane and Phenyimagnessum Rrowmide.— (tso)\Cyanotrimethy!mlane 
09 ¢ , 1 mel) in an equal volume of ether was added dropwise during } hour to a solution of pheny!- 
magnesium bromute (ca 0 125 mol ) un ether (50 mi). vigorous stirring bemg maintained. Keaction took 
place with refluxing of the ether and separation of a viscous lower layer. After the addition, the mixture 
was boiled under reflux for § bour, and then water was added, followed by very dilute sulphuric acid until 
two clear layers separated. The ethereal layer was dried (Na,SO,) and distilled to give trimethy!- 
phenylailane (10-5 ¢., 70%). b. p. 170—173 «Pe l4an0 


Hevacthyidinithian —\n atypical preparation, triethyvliodosilane (44-4 g., 0-2 mol.) was added to dried, 
finely-powdered silver sulphide (30 g.. 0-12 mol.) without visible evidence of reaction. The liquid was 
bottled gently under reflux for 2 hours, durmng which the sold became vellow and increased considerably in 
bulk. After cooling, the organosilicon liquid was extracted with light petroleum (b. <@). After 
removal of the solvent, the hquid distilled as follows. 1 ml. 140—200°, 3 mi. 200— *; 6 mi, 268-— 
275°, i6 ml 275-270", 1 ml, 270-284", with little residue. Redistillation of the main fraction in an 
atmosphere of dry nitrogen gave 12 g. of Aewarthyldiuithian, b. p. 276-279", with the bulk boiling at 
2 


277-279 (Pound. C, 54-1; MH, 116; S122. C,H SSi, requires C, 54-0; H, 11-5; S, 122%). The 
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yield of pure material was ca. 46%, and of material of b. p. 268-280", ca. 75%. The colourless liquid 
obtained (d ca. 0-9; mi? 1-492) set to a white solid at the temperature of solid carbon dioxide It deposited 
a bright yellow solid, presumably sulphur, an storage for several days in tubes closed with rubber bungs. 


Hexacthyldisilthian (10-5 g.. 0-04 mol.) in ether (10 ml.) was added rapidly to a solution of methy!- 
por ange Peewee gph the beedhns mil.) which was not boiling. There was no 
evn eof reaction. The mixture was ander reflux for 7 hours without evidence of reaction, and 
epee nde vo ene me Thlute sulpharic acid was added to destroy the unc 
Grignard r t. and the ethereal layer was dried (N ,) and fractionated to give (after removal of 
the ether) only 0-5 ml. of liquid boiling below 150°, indicating that little, or no triethyimethylsilane was 
present. The residue was not investigated 


Hexamethyldisiithian.—lodotrimethyisilane (40 g , 0-2 moi.) was warmed Nag, ee sulphide (37 g 
15 mol). After 14 hours’ boiling, the | reflux tem temperature had riers to 190"” quid was distilied 
off from the solid, and redistilled to give A ethyl Og £. 0-073 mol., rab ie 164° /750 
om with the bulk boiling at 162-5—~163-5" (Found: C, 40-8; H, 10-2; S, 17-8. Cy HSS requires 40-4: 

10-2; S, 180%). In other experiments the necessary time of bowling was found to depend on the 
he of silver ide taken. 


(iso)C yanatotriethylsiane.—Chiorotriethylsilane (15 g., 0-1 mol.) was added to silver cyanate (20 g., 
0-133 mol.), considerable heat bei gacemed on sialon. When heat was applied, the | squid began to 
reflux at 161° (i.¢., conversion was reflux temperature rose to 163° in 10 minutes 
After this time the liquid was distilled very vaeety from the solid (prolonged gentle heating was emy 
to prevent decomposition of unchanged silver cyanate), and redistilled to give ssocyanatotrieth 
te 5 g., 90%) boiling at 164—167°, with the bulk ay ge tt mm., re, 14329 (Pound 





53-3. H, #7: CNO, 266. Calc. for C,M,,ONSi. C, 96. CNO, 26-7 Anderson (J 
ya Chem. Soe., 1950, 72, 196) has since described this material as having b. p. 165-1", wf? 1-4205. 


Interaction of Organosihcon Compounds with Metallic Salts. —Most of the interactions were examined 
in a smail distillation flask (ca. 25 ml. capacity) having a water-cooled side-arm, fitted with an adapter 
which carried the test-tube receiver and had a side tube cannected to a sulphuric acid bubbler. By 
tilting the flask, the condenser could be used for refluxing or distilling, losses thus kept toa minimum 
In most interactions 4—10 ml. of liquid were e . All the metal salts were t mughly dried, and 
powdered where possible before use. Usually about a 20% excess of the salt was employed, but 

sometimes a further quantity was necessary to eflect complete reaction. Silver chloride was sometimes 
obtained in the form of fairly large, malleable particles, and a large excess of the solid had then to be 
employed. Distillations of the liquids from the solid residues were carried out slowly in an attempt 
to avoid decomposition of the solids; silver cyanate, described in the literature as “ explosive, sometimes 
decomposed with evolution of gas, the decomposition being rapid once initiated. 


After some poaens had indicated the general nature of the interactions, products were identified by 
their b. p.s and tive indices and by qualitative tests on the solutions obtained by hydrolysis of 
samples in aqueous dioxan containing some alkali. 


The table on p. 3086 lists the »uccessful interactions not described elsewhere. Parentheses enclosing a 
reaction time indicate that the reflux temperature was not followed, so that reaction may have been 
complete in considerably less time than was allowed. The yields within definite b. p. limits are given in 
the fifth column. A positive sign in the last column indicates that easily detectable heat was generated 
om mixing the reactants 


Interaction of (iso)C yanotriethylsslane and Silver Chloride.——(ss0)Cyanotriethylsilane (7 g., 0-05 mol.) 
was added to silver chioride (10 g , 0-07 mol.) ; no detectable reaction took place. When heat was applied 
the liquid began to reflux at 155°. The reflux temperature fell to 153° in 4 hours, and was not changed 
by addition of more silver chioride (8 g.) (followed by an “- 4 hour's boiling), and further silver 
chloride (16 g.) (followed by an additional | hour's bowling). The organosilicon materia! was distilled off, 
to give ca. 7-5 mi. of liquid, which redistilled at 152—162°. Fractionation with hexaethyldisiloxan as 
“ chaser’ gave chiorotriethylsilane (5 g., ca. 70%), b. p. 143-—144° (Pound: Cl, 23-4. Cale. for 
C,H, ,CISi : Cl, 23-5%). 

Interaction of Chlorotriethylsilane and Silver Cyanide.--Chiorotriethyisilane (5 mi.) was added to 
silver cyanide (6¢.). The reflax temperature was 156° after 1} hours, and was unaltered by addition of 
more silver cyanide (3 g.) followed by a further 1 hour's boiling. Distillation, followed by redistillation, 
gave 3 mi. of liquid of b. p. 148—-158", and 2 mi. of b. p. 158—165". All the fractions gave some cyanide 
ton as well as chloride ion on hydrolysis. 


Interaction (iso)Cyanotrimethylsslane and Silver Chloride.—(iso)Cyanotrimethylsilane (5 ml.) was 
warmed with silver chloride (8 g.), and the liquid began to reflux at 72°. The reflux ya did 
not change during | hour of boiling. Further addition of silver chloride (4 g.), followed by an additional 
1 hour's boiling, caused no change in the reflux tem ture. Distillation followed by redistillation gave 
2-5 ml. of liquid of b. p. 65—70° and 240 ml. of b. p. 70-85". All the fractions collected gave cyanide and 
wae ion on hydrolysis. 


repanic OG). When bested, the liquid Cyanide.—Chiorotrimethylsilane (4 g.) was added to 
ep Op senda’ ) flowad ty tathar (1 heer) bell ture was not 
addition of more silver cyanide (3 ey Meee ty ee fee . Distillation 
be Papen pana Te ret Sm oo gt p. 67—80° and | mi. of b.p. 80—90". Both fractions 

gave chloride and cyanide ton on hydrolysis. 
Interactions of Tri Compounds and Metallic Oxides.—I1n addition to the interactions described 
above and below the interactions were observed which did not allow definite conclusions to be 
drawn. Probably some was formed in all cases. (i) Triethylisothiocyanatosilane (4 ml.) 
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Et, Si br 


Et, sH 


Et sun 
Et,aNCO 
Et,Si8cCs 
Et Cl Et,5iNCS 
Et, SiN Ets NCO 
Me, Sul Me,SiCl 
Me,Si Br 
Me,Si NC 
Me,5Si),5 Me,SiBr 
Me, SiC 
Me, Sif ! 
Me, Si NC 
Me,SiNCS 
Me, Silt Me SiN 
Mei NCO 
Me oi N¢ Me, siNCS 
Me,sNCS Messi NCO 
Me, Sit l, Me,Si NCS : f : 
Me,Si(NCS), : Me Si( NCO}, : 138-5—-139-5 10 


N ates 1) Throughout this work, and in separate preparations involving efficient fractionation, 
brometriethvisilane gave the consistent b. p. of 163-— 164°, not 161° the value favoured by Lewis and 
Newkirk (ced, 147, 68, 701 2) 100%, excess of the silver salt wastaken. (3) Keflux temperature rose 
to 135° in | bower, and 170° in 3 howrs; throughout the first 2 hours there was marked evolution of gas, 
which seemed to be maimly hydrogen, and contamed no hydrogen cyanide 4) In an experiment in 
which triethyistiane and mercuric chiorule were used in 2 1:1 mol. ratio considerably more mercuri 
chioride had to be added to maintain the rise in b. p.; with 1: 1-1 mol. ratio reaction began on warm 
ing, and the reflux temperature rose to 134° after § hour and 142° after 1 hour; the gas evolved 
throughout was completely soluble in water, and appeared to be hydrogen chioride; the selid residue 
was 4 grey powder, not contaiming free mercury, and mainly insoluble in water (mercurous chioride ? 

i} Gas evolution occurred throughout 6) No reaction was apparent on mixing of the reagents, 
but after gentile heating a vigorous reaction began, with gas evolution, and the liquid refluxed for 10 
mins. withoet external heating, when heating was resumed, the reflux temperature was 130°, and 
rose to 164° in § hour 7) The reflux temperature fell to 164° after 5 minutes’ heating, indicating 
complete interaction, but the yield was lowered by decomposition of the solid 8) The last portion 
of the distillate gave some jodide ton on hydrolysis 0) The product gave a little sulphide jon on 
hydrolysis 10) The vield was low because the solid was not heated strongly to avoid danger of 
explosion, the reflux temperature fell to 140° in 4 hour, indicating that reaction was complete; the 
product had #/f* 1.4230 


was warmed with silver onide (4 g A vigorous reaction began, red-hot particles appearing in the 
wrlid After § hem heating, the hquid was distilled off, and redistilled from a little fresh silver oxide 
the solid again ignit to give 2-0 ml. of b. p. 190-.220° and 1.0 ml. of b. p. 220-—232 it) tsoC yanato- 
triethvlsilane 5 ml.) was boiled under reflux with silver oxide (3 ¢) for 2 hours. Gas evolution took 
place throughout this period, and the reflax temperature rose to 174 Distillation, followed by redistil 
tation. gave 2 mi. of liquid of b. p. 158%-—170°, 1 mi. of b. p. 170-—220°, and 1 mi. of b. p. 220-—235° (nj? 
varied from 1.42856 to 1.4345 ih) Triethylesethiocyanatosilane (6 mi.) was added to mercuric oxide 
Sa@ >). heat being generated on mixing them When the mixture was warmed, a vigorous reaction began 





{1950} Eaborn : Organosilicon Compounds. Part II. 


$3 sp c8hs, a8 Se was boiled for } ; 
“5 ml. of b, p. 180— and 2-5 mi. of 
a little ion is. 
aed bay = 
) was added, and the temperature rose to 

ve 0-5 ml, of liquid of b. p. 130—290° and 4 mi. of b. p. > 230", with a little water in 
fractions. and redistillation gave 3 mi. of liquid of b. p. 232-235", aff 1.4330, which 
completely soluble in concentrated su acid and was almost certainly b hyldisih 
wanes Gite Cate ensnn Saas Saaremaa Soe eter ely Ce Seer renee cee 
was detected, or it may have been present in the original silver oxide, which is extremely difficult to dry 
completely. 


Int A « ify thwlda cal, 








aad Metall Fluorides. —\n these iateractions, while it seemed clear 
that triethylflucrosilane was formed, the complications detailed below 
the effective reaction is between the organosilicon 


low-boaling | 

collected, 

heating of the mixture, there was a gas 

that in § hour's heating the total volume of distillate (b. p. < 115") was brought upto8mi. F 

of the hquid, with tetraethylsilane as “ chaser,"’ gave 3 ml. of liquid having b. p. 61°, nif 1-346 (probably 
diethyidifluorosilane) and 4 mil. of => 109", 1- 

residue contained much mercury, 

mercuric fluoride. (ii) With mercuric Auoride. A mixture of mercurous fluoride (14-7 g., 0-33 mol), 
hexaethyldisiloxan (8-2 g., 0-033 mol.), and iodine (8-5 g., 0-33 mol.) was warmed under reflux until all 
the iodine had disappeared. Heating was continued, with the vapour of any low-boiling liquid being 
bied off continuously ; steady evolution of an acid gas took place. After 2 hours, 2 ml. of liquid (b, p. 
< 115") had been collected and reaction appeared to have ceased. More iodine (8-5 g.) and mercurous 
fluoride (14-7 g.) were added; on =e = the mixture, gas evolution began again and 3 ml. of low- 
boiling liquid were collected in | hour. solid residue was strongly heated but gave no further liquid, 
indicating a definite loss of organosilicon material, possibly in the evolved pa. The distillate was 
fractionated with tetraethylsilane as “ chaser,”’ to give 1 ml. of liquid of b. p. 61—~62°, nj? 1-346 (probably 
diethyldiflvorosilane) and 3 ml. of b. p. 109°, nj? 1-3930 (very probably triethylfluorosilane). (iii) 
With sinc fluoride, Hexaethyldisiloxan (6 ml.) was warmed with zinc fluoride (8 g.), the vapour of any 
low-boiling liquid formed being bied off continuously. Considerable gas evolution occurred throughout 
the reaction ; in 6 hours, 4-5 ml. of liquid (b. p. < 115") were collected. The solid residue gave no further 
hquid on strong heating, and there was thus a definite loss of organosilicon material. The distillate was 
fractionated with tetraethylsilane as “ chaser,” to give 1-5 ml. of liquid of b. p. 61—62°, »jf 1-346, and 
2 mi. of b. p. 109°, m}P 11-3925. (The gas evolved was acid to litmus, and fumed when mixed with ammonia. 
After collection over water a gas was obtained which burned with a quiet blue flame, depositing a little 
silica. This gas was insoluble in aqueous alkali, but readily soluble in alcohol and benzene. The glass of 
the reaction vessel was attacked, and some water droplets formed in the condenser in the later stages, 
although the zinc fluoride had been dried at 140° for several hours; this water may have been formed 
during the reaction. The possibility that the observed reaction was caused, at least in part, by hydrogen 
fluoride cannot be ignored.) (iv) With antimony trifluoride, Hexaethylidisiloxan (§ ml.) was warmed 
with antimony trifluoride (8 g.) containing a trace of bromine, the vapour of any low-boiling liquid formed 
being bled off continuously, The solid reactant, after initially becoming liquid, set to a hard inaccessible 
mass, and after 3 ml. of liquid (b. p. <115") had been collected in 3 hours, no further reaction 
was apparent. The distillate was redistilled, and boiled at 70—115° (n]? 1-367-—1-392), probably being 
a mixture of diethyidifluorosilane and triethylfiuorosilane 


Trialkylsilyl Compounds and Metallic Salts not showing Interaction.—In the following cases no inter- 
action was observed im the time (in hours) given in parentheses. In most cases absence of change in the 
reflux temperature was a good indication of the lack of detectable interaction; recovery of the organo- 
silicon compound exceeded 90% except where otherwise indicated. 


Et,Sil + PbCl, (1); (Et,Si),S + Agl (1); Et,SiBr + Agl (1), Ag,S (3), CdCl, (3); Et,Sir-NC + Ag,S 
(3), AgBr (2); Et,SiCl + AgBr (2), Ag,S (3); Et NCS + AgCl (2), PbhCl, (2), CdCl, (3), Ag,S (4), 
AgCN (2); Et,SirNCO + Ag,S (4), Ag (2), net (2), AgCl (2), AgNCS (2), HgO (2), ZnF, (2); 
(Et,Si),O + PbF, (2); Et,Sif + PbO (2), HgO (2), Ag,O (2), ZnO (2), Et,SiH + Ag,S (3), Agtir (2), 
ZnO (2), PbCl, (2); Et,SiH + AgCl (2) (more than 90% of the Et,SiH was recovered but the last portions 
of the distillate fumed slightly with ammonia and gave a little chloride ion on hydrol ); 
SiEt, + AgNCO (3) (only 70% of the SiEt, was recovered because of ignition of the solid during distil- 
lation, but the absence of change in the reflux temperature indicated that no reaction was occurring), 
Me,Sil + PbCi, (2); Me,SiBr + Ag,S (3), PbCl, (2), TIC, (1), CdCl, (3); Me,SireNC + Ag,S (3); 
Me,SiCl + AgBr (1). Ph,Sif + ZnO (3). 


Interaction of Triethyliodosilane and Silver Nitrite.-Silver nitrite (9 g.) was added in ym 


to triethyliodosilane (16 g.) through a reflux condenser, the container being cooled in ice. igorous 
reaction occurred, with considerable evolution of gas. (The gas, collected over water, was colourless but 
gave brown fumes on exposure to the air, and was probably, at least partly, nitric oxide.) After the 
reaction had subsided, gentle heat was applied for § hour, gas evolution continuing throughout this time. 
The —- was extracted from the solid with ether, and the extract was distilled; after removal of the 
ether, 1 ml. of liquid of b. p. 140-—230° (mainly » 200°), and 4 ml. of b. p. 230-236" were obtained. The 
latter fraction had »}f 1-4346, and was completely soluble in concentrated sulphuric acid, and was 
clearly hexaethyldisiloxan 
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of T riethyhodoslane and Silver Carbonate —Triethylodomlane (14 g.) 
carbonate (9 g.) 
When the gas evolution deed away. the mixture was botied gently 
was distilled off, afi of it (7 mil.) reciistilied at 233-235" (w]] 1-4348). The liquid w: 
trated sulphur acid and was clearly hexaethyidisiloxan. 


fateraction of Triethytiodosiane and Stiver N trate. —NV igorous reaction occarred on addition of silver 
titrate (ca. 2 ¢) to triethyliodosiiane (cs. 3 mi.): brown fumes were y evolved, and iodine was 
liberated. The b. p. of the liquid rose steadily to 230°. The liquid obtained on distillation boiled at 
230-235" and was detely solubl trated sulphuric acid and was clearly hexaethyidisiloxan 

Hydrotysis of Triethyislyl Derivatives by Aqueows Dioxan.—In cach case the triethylsily! 
(0-1) mol, except for bexaethyidmilthian, of which 0-05 mol. was employed) was added to a mixture of 
diexas (39 mi.) and water (45 ml.) at room temperature (ee. 15") ith chlorotrieth yisilane, triethy!- 
fuctrosiiane, and iecyanatotriethytsilane additional quantities of dhoxan (10, 15, and § mi. respectively) 
had to be added to make the system homogeneous After the mixture had been shaken, it was set aside 
for 6 minutes. At the end of this tame more water (10 mil.) was added (which caused two layers. 
to separate, roughly equal in volume), and, after a further 6 minutes, 200 mi. of water was added to 
liberate the organusilicon material, which separated as an upper layer. In the hydrolysis of hexaethylds- 
sithian and trethyliecthux yanatostiane the organosihcon material was extracted with hght petroleum 
and the extract was dried (Na,SO,). In the other cases it was separated directly and dried (Na,SO,) 


(1) Hexacthyldintinan. The light petroleum extract was fractionated, with hexapropyldisiloxan as 
“ chaser,” to give triethyletlanc! (12 g.. 99%), b. p. 154°, wi? 14340. The residue was distilled; the 
distillate gave no sulphide ton on hydrolysis in alkaline aqueous acetone. (ii) CAlorotriethylsilane (heat 
was developed om addition of this compound to the aqaeous dioxan). The product of hydrolysis distilled 
as follows) Tg, 158-180": 2g, 180-230"; 3 ¢., 290—236" (wf 11-4320). None of the fractions gave 
chloride ton on hydrolysis, so that mo unchanged chiorotriethylsilane was t. The product was 
probally a mixture of triethylsilancl and hexarthyldisiloxan in cs. 90% yield. [iii) (iso)Cyano- 
triethyl lane (heat was developed on addition of this compound to the aqueous dioxan). The product of 
hydrolysis (al!) distilled at 153-157" (11 g., ca. 80%, of triethylsilanol), No unchanged (iso}cyano- 
triethyisilane was present. (iv) Triethylisothiocyanatosilane, The light eo extract was 
fractionated, with bexaethyhdisiloxan as “ chaser."’ to give triethyisilanol (5 g.), b. p. 154°, «tS 1.4335, and 
unchanged triethylrothioc yanatosilane (8-5 g.. 50%), b. p. 210-5", w]f 11-4940. (v) isoCyanatotristhylsilane. 
The hydrolysis product was fractionated, with hexaethyidisilonan as © chaser,"’ to give 0-5 ml. of liquid 
of bp. 166-1 and unchanged irocyanatotriethylsilane (12-5 g., ca. 80%). b. p. 165-5", n]f 1-4318 
(Found: C, 53-6, H,@6: N. #6 Cale. for C,H,,ONSI: C, 53-45: HOG: N80). (vi) Triethyl- 
fucrontiane and triethyinilane. Recovery of these compounds was ca. 90%, and there was no evidence of 
any hydrolysis 





come 
pe 


Action of Lithvam Hydride in Dioxan on Triethylalyl Compounds.—The organosilicon compound (ca 


0-05 mol., except where stated) was added in small quantities to a mixture of dioxan (ca. 15 mi.) and 
finely pondered lithium hydride (0-1 mol.), the mixture bemg boiled under reflux for a few minutes after 
each addition. When the addition had been completed, the mixture was boiled ander reflux for the 
time stated, and all the liquid was distilled from the solid. Except where indicated, the distillate was poured 
ieto excess cf water and the organosilicon material, after beang washed with more water to remove any 
dioxan, was dred (Na,SO,) and erther distilled directly of fractionated with tetraethyisilane as" chaser.’ 


(i) Triethviiodomlane§ When the iodide was added there was evolution of heat and a marked increase 
in the bulk of solid. After the addition (which took § hour), the mixture was boiled for I hour. The 
product, worked up as deseribed above, was fractionated to give triethyisilane (4-5 ¢., ca, 80%), b P 107", 
wl! }4i20 (i) BRromotriethylsiane. After the addition of the bromide, the mixture was boiled for 
4 hours The product, worked up as described, was distilled to give triethvisilane (4-5 g., ca. 80%), b. p 
106.110", «if 1-4130, with very little residue, (iii) CAlorotriethylstiane. A procedure identical with that 
employed with bromotriethylsilane gave triethylsilane (4 ¢., ca. 70%), with little residue. (iv) (iso)\Cyane- 
tricthylsslane After the addition of the (ise)cyanide the mixture was boiled for 6 hours. The liquid was 
dfistified off, and the first 15 ml. of the distiflate (b, p. 100-170", mainly 100-115") were worked up in the 
way described above, and the product was fractionated to give triethyisilane (1-5 ml., ca. 20%), b p. 107", 
»if 14130. The final § mi. of the distillate (b. p. > 170°) were redistilied to give 2 mi. of liquid of b. p 
110-180 and 3-Sml of bp 180--184° (presumably unchanged (tsocyanotriethyisilane). (v) Hexaethyl- 
dunithvan, In this case 0-025 mol. of the organosilicon compound was employed. The reaction mixture 
was botled for 7 hours. All the liqeid was distilled off, to give ca. 15 mi. at 101—120° (mainly 101—103*) 
and unchanged hexaethykiesilthian (6-0 g., ca. 90%), b. p. 275-281 The 110—120° fraction was added 
to water, and ca. 0-3 mil. of organosilicon material separated. This liquid gave gas evolution with silver 
nitrate im aqueous acetone and with warm aicohelic alkal, and thus probably contained some 
trethyiatiane vi) tse yanafotriethylniane. The reaction mixture was boiled for 6 hours. The liquid 
was distilled from the solid, to give 16 mi. of bp. 102-108", and unchanged tsocyanatotriethyisilane 
6g. 88%) at 142-166 The 102.108" fraction was added to water, and ca. 2 mi. of organosilicon 
material separated. this had b. p. 162-166", nm}? 1.4320, and was evidently mainly unchanged ssocyanato- 
triethyislane It gave no black precipitate or gas evolution with excess of silver nitrate in aqueous 
acetone, and thus contammed no triethylsilane. (vii) Triethyifuorosilane. The reaction mixture was 
betled fer 8 hours, and the product was worked up in the usual way All (6 g., ca. 90%,) boiled at 108 
110° (wf? 1-3990-1.3935). It gave no gas evolution with silver nitrate in aqueous acetone or with warm 
alcoholic alkali, and thus contained no triethylailane and was evidently unchanged triethylflaorosilane. 

Inieraction of Lithium Hydride and Triethyiniy!l Compounds im Anisole and in Absence of Solvent.— 
Anisole was tried as a solvent because of the nearness of the b. p.'s of dioxan and triethyisilane. It was 
not as satisfactory as dioxan. When triethyliedosilane (0-05 mol.) was boiled with lithiam hydride 
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(@1 mol.) im anh anisole (10 mi.) for 2 hours, a white solid separated. <> Seen, Se 
triethyisilane (2-5 ml.), b. p. 107—110°, was obtained. No trace of triethylisilane was detected 
yidesithian and ithiem 


hydride under these conditions, and the bulk of the organosilicon sulphide 
was recovered. 


Bromotriethyisilane (0-03 mol. 
h (2 g., considerable 
in each case on 


Action of Lithium Aluminium Hydride on Sas Seancumnn —-Lathvem aluminiom hydride (0-03 mol. 
° 


[With ith aqueous alcobolc 
CoH, Si 344ml.) The 
Pre’ Netrusea, and Sommer 








Imievacts a Sod lodsde and Chlorotriethylsilame im Acetonstriie.—Trrethyliodosilane 
isolated from this interaction, but its formation was c ndicated. A solution of sodiu 
(10 g., 0-066 mol.) in acetonitrile (60 ml.) was added to a 
in acetonitrile (20 mi.). This mixture immediately became yellow and cloudy, and a fine 
separate. A clear upper liquid layer formed above the bulk. The mixture was boiled under reflux, 
long flat plates of a w ite cold (Sy tevened im the sefian condenans. After } hour's 
was itowed to cool, and then filtered through sintered oo to give a white solid. This 
washed with a little acetonitrile, benzene, alcohol, and light petroleum, weighed ca. 09 ¢., 
dissolved in water to give a solution contaming sodium and chloride ions (but no iodide or cyanide tons), 
and was clearly sodium chloride. More of this solid separated when the filtrate was kept. The liquid in 
the filtrate was distilled off, and the distillate gave both sodide and chloride ion on hydrolysis. 


Some of the solid S was washed from the reffux condenser with light m. The material fumed 

ond antty eee tee Cae, eee A little of the solid, sealed in m. p. tubes as 

possible, began to decompose at ca. 60° and col at 75-—85", pn le Spe gest 

at the last temperature. The mat did not solidify on © The solid was 

d by water, to give a solution ie on jon. This solid seems to be an 

addition product of acetonitrile and t hyliodosilane, and closely resembied the product obtained by 
interaction of these compounds. 


Interaction of Acetomirile and Triethyliodostiane.—A mixture of acetonitrile (1 ml.) and triethyliodo- 
silane (1 ml.) was deep red. When the mixture was boiled in a test-tube a white solid separated on the 
cooler parts of the tube. This solid had similar properties to the solid 5 obtained in the preceding 
experiment. On cooling, more of this solid separated from the liquid 


When acetonitrile (0-5 ml.) was added to a mixture of triethyliodosilane (1 mi.), light petroleum 
(2 ml.), and benzene (3 ml.), a fine white solid ummediately separated. This solid was washed by decant- 
ation with a mixture of light petroleum and benzene, and was recrystallised from this mixed solvent to 
give long fine needles ¢ solid behaved similarly to the solid S (above), except that it began to 
decompose at 70° and collapsed at 90-98", to give a deep-red liquid 





No solid was obtained when chlorotrieth peees was boiled with acetonitrile under reflax, and when 


these compounds were mixed in benzene light petroleum. 
The author thanks Professor E. D. Hughes, F.R.S., for his most helpful advice. 
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602. The Properties of Freshly Formed Surfaces. Part XV. The 
Application of the Contracting Liquid-jet Technique to the Measure- 
ment of ae at Liquid—Liquid Interfaces. 

By C. C. Apprson and T. A. Extiorr. 


An experimental technique is described for the production and measurement of a stable 
contracting jet of carbon tetrachloride flowing into water. The technique should be applicable 
to any pair of immiscible liquids of different densities. The method given in Part X (/., 1949 
2789) for the calculation of surface tension at various positions along the surface of a liquid ~—> 
air jet has been extended to the calculation of liquid-liquid interfacial tensions. 


Ir has been shown in Part X (J, 1949, 2789) that the dimensions of a contracting jet of liquid 
flowing vertically from a circular orifice may be used to determine the surface tension of pure 
liquids and aqueous solutions of surface-active compounds, at surface ages up to about 03 
secoml. The present paper describes the practical modifications necessary in order that the 
technique may be applied to the study of a contracting jet of one liquid flowing into another 
The mathematical treatment of the dimensions of the liquid-liquid jet is given, and the 
physical properties of the jet are compared with those of the liquid->air jet. 

The only other available technique for the study of interfaces at small surface ages is that 
employing an oscillating jet (Addison, Phu. Mag, 1945, 36, 73). The most important points of 
comparison between the two techniques are as follows: (a) The upper age limit of the oscillating 
jet surface is about O01 sec. This imposes a severe restriction on the systems which may be 
studied. The contracting-jet method applied to interfaces permits measurement of tensions at 
surface ages up to the same maximum, i¢, 03 sec, as for liquid->air jets. (6) Whereas 
surface-area changes in the oscillating jet are negligible, the surface of the contracting jet is 
continually changing in area. Dynamuc tensions at a stationary surface are not therefore directly 
available from the contracting-jet method, though such values may be calculated from knowledge 
of the rate of change of surface area. However, these rates are so greatly in excess of the rates 
available by trough or drop methods that the technique provides a valuable means of studying 
the effect of area change on surface tension im those systems where adsorption rates are rapid 

The experimental work and calculations described in this paper refer to a jet of carbon 
tetrachloride flowing into water. Although other liquid-liquid systems have not been investi- 
gated quantitatively, the general treatment should be applicable to (a) jets of any liquid more 
dense than, and immiscible with water, flowing into water or aqueous solutions, and (5) jets of 
water or aqueous solution flowing into less dense immuscible liquids 

The treatment of results given below is applicable to mobile liquids only, since it has been 
assumed throughout that the jets may be regarded as conservative systems with respect to 
energy. It has been shown in Part X (loc. est.) that any dissipation of energy which may occur 
with mobile liquids is not sufficient to influence the calculated tensions by more than the 
experimental error arising from measurement of jet dimensions 


EXPERIMENTAL 


Appar ates The carbon tetrachloride (about 12 1.) was contained in a 20-1. reservoir D (Pig. | In 
view of the high density and volatility of carbon tetrachloride, it was necessary to modify the apparatus 
described in Part X (oc. cst The modified apparatus used for measurements at liquid-liquid interfaces 
is shown in Pig. 1. This apparatus has also heen found preferable to that described is Part X for 
measurements in air, when volatile liquids are under examination In the earher apparatus the valve 

entrolling the flow of liquid was placed in the long vertical arm A (Fig. | With the valve in this 
position and the apparatus filled with carbon tetrachloride, the negative pressure exerted by the long 
olumn of bquid in 4A gave rise to bubbles of vapour below the valve Once formed, these bubbles 
increased rapidly and warred the flow rate This difficulty was overcome by placing the valve (8) on the 
reservoir side of the syphon tube 4 4 had a uniform interna! diameter of 1-4 cm. and was 150 cm. long 
All taps were lubricated with silicone grease As a further precaution against the inefficiency of tap (5 

the Buchner flask C and tap (3) were introduced The water (or aqueous solution) was contained in a 
rectangular glass tank E, 3) « 30 © 15¢m., of which one 30 =x WO-cm. vertical face was optically plane 

The harrier A stream of carbon tetrachloride did not “ wet " a solid glass barrier placed below water 
level, and a steady jet could not be obtained under these conditions \ hquid barrier was therefore used 
The carbon tetrachioride from orifice G flowed into a funnel! H. the stem of the funnel was bent as shown, 
and the tip cut at an angle, to form a constant level device which provided a stationary liquid interface in 
fanne! Mf The overtiow of liqaid from M passed down the outside of the stem into a rectangular glass 
vease! K (tl 1 m Pas srrangement eliminated agitation of the liquid barrier surface. The 
muxtified funnel /f was suspended by a glass rod. which was bent into an appropriate shape at the bottom 


to hole the funnel HW firmly and was secured at the top by clamp M. By movement of the glass rod in M 
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Cun Salt a 
position after formation of the jet 
wit The water level in tank E was maintained constant by the use of syphon and constant - 
In order that the measured flow rate should be accurate it was essential that the liquid 
Sochin I decile tenednemeaen This was achieved by the use of a second syphon and constant-level 
device L, which was shielded to prevent evaporation. 
Method of Formng the J et.— Because of the low surface tension of carbon tetrachloride ( 
peewee Dewey ne Renta Dey? sade Bop penny meget teres Bmp ed hg * 
ticable to form the jet in air and then to raise the water level above the orifice. The 
te oan a» Sana Vessels K, H, and L were filled with carbon tetrachloride, and a 
vessel, similar to K and also coutaining carbon tetrachloride, was 
abe won exanandl betow thn eecbaniens The tank E and overtiow F were then filled with water, 


Pic. 1. 
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and the syphons leading to F and L were filled by suction. Taps (1) and (4) were opened, and the vacuum 
thereby applied to the air — in D, until the carbon tetrachloride rose in A to a position a few om 
below the liquid level in D. oe (4) was then 7 taps (3) and (5) were opened, and the syphon in A 
was completed by drawing liquid up to (5) (5), (3), and (1) were then closed, and taps (6), (2), 
and (4) opened. This resulted in a rapid flow of on om tetrachloride down A into the vessel surrounding 
G. This vessel was then carefully lowered to bring G into contact with the water phase, and thus to form 
the liquid->liquid jet. The vessel was then removed from tank £, and the barrier H was moved into 
position. Taps (2) and (4) were closed, and the flow rate was adjusted by means of valve B to the 
desired value. Finally, the water level in tank E was adjusted so that orifice G was immersed to a depth 
of about 2 cm. 


The Orifice.—The orifice used was similar to that : described (Part X, loc. cit.), and the same 
device was used. Under the conditions described, carbon tetrachloride did not wet the lip 
of the orifice tube. The operative radius is therefore the internal radius, which was 0-600 cm. 
Tiumination and Measurement of Jet Dimensions.—Jet dimensions were measured with a travelling 
microscope fitted with vertical and vernier scales and an we of 2” focal The jet 
was viewed through, and in 2 disection at right angles to, the plane glass side the tank £. 
9m 
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agen ot} sensommnns Bin pe ennsoee Som, ee Gagandie dé wat &. The jet 
was iuminated directly from behind, using a strep light and diffuse screen. 

Flow Rate — The flow rate of carbon tetrachionde was determined by measuring the rate of flow from 
the outlet of vessel 1. When the apparatus had reached equilibrium, the flow rate was constant within 
o25%. 

Critical Flow Rate —\n general it appears possible to study jets of id-in-hquid at flow rates lower 
than those avatiable in liquid ai systems of the same surface tension of instance, for a jet of aqueous 
solution, y ~ 46 dynes/cm.. flowing mto ai, the minimum (or critical) flow rate is 4-4 mi. sec, whereas a 
jet of carbon tetrachloride flowing wto water will remain stable at flow rates as low as 09 ml sec. This 
1s probably owing in part to the smaller density difference b the two ph 

Carton Tetrachlonide —The carbon tetrachloride used was redistilied before each experiment, and its 
interfacial tension against water (44-8 dynes cm at 20°) checked after each distillation by the drop- volume 
method 

Temperature.--The measurements were carrieG out at room temperature, which did not vary beyond 
the limita 17° + 1-5° during the experiments. This temperature variation is not significant 





Discussion AND RESULTS. 


Shape of Jet-—For any given orifice, the extent to which a jet of liquid narrows depends 
(inter alia) om the density of the jet liquid, the density difference between the two phases, and 
the surface or interfacial tension operating. At comparable flow rates, it has been found that a 


Fic. 2 
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Type of jet y. dynes A density, g./mil. Flow rate, ml. | sec. 
CO, >H,O “48 dard 2-175 
CO HO 448 o6o2 1-496 
H.O-.erwr 733 loo 200 
» Ideal liqued par “8 100 200 


jet of carbon tetrachlonde flowing into water narrows less rapidly than a jet of water flowing into 
air, Fig 2 shows two liquid-liquid and two liquid->air curves relating horizontal jet radius 
(7) with distance from the orifice (4). Curves 4, B, and C were obtained experimentally, and 
curve D shows the shape of a jet of “ ideal" liquid (see Part X, Joc. cit.) having unit density and 
& surface tension equal to the carbon tetrachloride-water interfacial tension, calculated for 
comparison with curve 4. The influence of the factors referred to above on jet dimensions are 
clear from Fig. 2. As with the liquid->air jets, decrease in interfacial tension results in a 
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narrowing of the liquid-liquid jet. Although the two types of jet are of somewhat different 
shape, the influence of tension changes on radius is similar in the two cases, and the order of 
experimental error is 

Two features arise from the less rapid contraction of the liquid-liquid jet : (1) The surface 
age at any given distance from the onfice is greater than that of the corresponding 


the : 
age-A curves are compared in Fig. 3. (2) The initial contraction in surface area is less 
pronounced. This aspect is considered in detail in the following paper. 
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Type of jet Curve. 

CCl, >H,O Cc 
E 

H,O-pair A 
B 
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Derivation of Equation applicable to Ligquid—Liquid Interfaces.—Consider a jet of liquid (1), 
density p,, flowing at a rate of f ml./sec. into a liquid (2), density p, (where p, > p,) from an 
orifice submerged to a distance s below the surface of liquid (2). At a point A on the jet ata 
distance /, below the orifice, where the interfacial tension is y, and the horizontal radius r,, the 
total energy of unit mass of liquid is given by : 


E = Kinetic energy — potential energy + pressure energy + tension energy. . (1) 


It is assumed initially that (a) the external radius of curvature is sufficiently large that its 
reciprocal may be neglected, (b) the true internal and the horizontal radii are equal, and (c) the 
horizontal component of the kinetic energy is negligible. The pressure energy per unit volume of 
jet liquid at point A = pyg(h, + *) + P, where P is the atmospheric pressure, and the vertical 
kinetic energy is f*/2x*7,*. Then the total energy (E,) of unit mass of liquid at A is 
r 

Ei. gay ~ +h +s +5 {oaths + 4) +P}+ 2 ra 
ape Hy eat ee ase Sine ea Bt A similar expression will 
hold for the energy E, at a point B at a distance A, below the orifice, where the horizontal radius 
is r,, and the interfacial tension y,. 
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If a conservative system is assumed, E, and E, may be equated whence 


fo Ga~ in) +E -B)~ ems H0(-8) 


"s 


A more general form of this equation, which allows for the three approximations made above, 
may be developed, as described in Part X (equation 7). Thus, if at jet positions A and B the 
external radii are 7,.., and r,,,, the internal radii are r,,, and 7,»,. and the slopes of the 4-+ 
curves are (dA dr), and (d4/dr), respectively, then the equation becomes 


y° ( 1 1 1 1 
ant ys ont or Aidhidr)? nfida Pwd 


me (2 — 1) mt _ 2) 2 gy, - ay (1-9) 


Ps Vom F seus’ Ps Vat Fu Py 


For a jet of liquid of density ¢, equal to unity, flowing into air, ¢, may be neglected, and equation 
(2) then reverts to the equation applied in Part X (equation 7) to jets of aqueous solutions in 
air 

Application of equation (2) to the determination of interfacial tension requires a knowledge 
of the value of the energy at some point on the jet. The following two methods are possible 

(1} Using @ pownt of known tension as reference. (a) If the surface is known to establish 
equilibrium early in the jet, any point lower in the jet may be taken as reference. In practice, 
this information is not generally available, and it is more frequently necessary to use the orifice as 
a reference point 

(6) Using the orifice as reference point. If A is considered as the orifice, and B a 
point sufficiently far down a jet of pure liquid that the external radius can be ignored, the sum of 
the H energy terms in equation (2) can readily be calculated, and the sum of the A (or orifice 
energy terms obtained by difference. For a given orifice this energy sum (termed K;,) will 
depend only on the flow rate. If the measurement is repeated over a range of flow rates, it is 
possible to obtain a A,-/ calibration curve for the apparatus. Thus in systems where adsorption 
rates are slow, so that the surface tension at the orifice may be regarded as the pure liquid value, 
the surn of the energies at the orifice may be obtained from the K, value at that flow rate. This 
was the method found to be most suitable for liquid->air jets (Part X); because of the rapid 
contraction which occurs with such jets in the neighbourhood of the orifice, it was difficult to 
measure directly, with sufficient accuracy, the internal and external radii at the orifice, and the 
dependent energy terms. However, with liquid-liquid jets, the reverse appears to be the case 
In order to obtain a A,-/ calibration curve, it is necessary to carry out a series of experiments in 
which the depth of the orifice below the water surface is kept exactly constant, and this has 
proved diffeult experimentally. On the other hand, the liquid->lquid jets contract less 
rapidly at the orifice. The various energy terms at the orifice can therefore be obtained with 
greater accuracy by direct measurement, and a A,-f curve becomes of leas importance 


(2) Employing the point of intersechon of internal and external radu. At any point on the jet, 


i I 
the tension energy is expressed as y( }. If the point at which 7, = 9», is found, then at 
Ws vs 


this pomt on the jet the tension energy makes no contribution towards the total energy E, which 
is then represented by the kinetic, potential, and pressure energies as shown in equation (1 By 
plotting the external and internal radii against A, the position on the jet at which the tension 
energy disappears is readily found. Fig. 4 shows typical r-A curves. Point P may then be 
taken as the point of reference, and E readily evaluated from jet dimensions. The interfacial 
tenston at any other point may then be calculated by means of equation (2) 

It is important that, irrespective of the mathematical treatment involved, the accuracy with 
which tensions may be measured by the contracting-jet method depends on the magnitude of the 


fl 1 
tension term y }, and thus upon the difference between the internal and the external jet 
\e ’ 


' 
radius It is clear from Pig. 4 that the tension at point P is not available and that there is a 
portion of the jet in the neighbourhood of P over which r, and 1, are so close as to give rise to 
considerable errors in the calculated tensions. Kesults calculated for such points are in 
parentheses in the Table. Interfacial tensions calculated for the carbon tetrachloride—water 
system, employing three different reference points, are shown in this Table. The apparatus 
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required for the production and study of a liquid-liquid jet is more dificult to manipulate 
than for the sempler liquid-air systems, and in consequence the expermmental! errors arising 
from measurement of jet dimensions are greater. Further refinement of the experimental 
technique should reduce such errors. In addition, it should be noted that any error in the 


Interfacial tension (dynes /cm.) calculated : 


(a), ify = 448 (d), with orifice (c), with point of inter- 
as section of *, and r, 
ference. 


Horiz. r at & value u 
(cm.). denoted by *°. reference. 
0 600 
4575 
0-310 
©- 2675 
2415 
0-215 
0 2005 
©1875 
1775 
O-1710 
0-162 
0-156 
0-1743 
0- 1667 
0-1597 
01533 
00-1475 
241 
0-233 
oom 


0-217 
determination of the energy of unit mass (K;) at the reference point is reflected in the calculated 
tensions throughout the jet. The somewhat high tensions calculated when using the orifice as 


reference probably arise from errors in the determination of r, and 7, at the orifice. However, at 


Pic. 4. 
Flow rate, 1-495 ml. ‘sec 
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point P in the jet (Fig. 4) the energy of unit mass of liquid is independent of r, and r,, and the 
use of P as reference point is considered to be the most reliable method of calculation. Never- 
theless, the results in the Table are regarded as confirming that equation (2) may be applied to 
liquid-> liquid jets, and that the order of accuracy is adequate to permit the study of adsorption 
rates and dynamic tensions, where tension changes of the order of 20—30 dynes /cm. may occur. 
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As the derivation of equation (2) was independent of the numerical values of the tension and 
density, the equation has general applicability. Again, the liquid->air equation given in Part X 
(equation 7) a special aspect of the present more general equation, and its applicability over a 
range of tension values has already been confirmed. 

Tae Unstveasrry, Norrwomam. (Received, July 20th, 1950.) 
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Tensions of Sodium Dodecyl Sulphate Solutions at the Surface of 
Liquid—>Air and Liquid—>Liquid Contracting Jets. 

By C. C, Appison and T. A. Et.iort. 


The variations in tension at the surface of contracting jets of (a) sodium dodecy! sulphate 
sulution flowing into air, and (6) carbon tetrachloride flowing into aqueous solutions of sodium 
dodecy! sulphate, have been determined by the methods given in Parts X (/., 1049, 2789) and 
XV (preceding paper The tension changes are related to the rapid changes in surface area 
which occur at the jet surface, and alter in character as well as degree with increasing concen- 
tration of solute he measurements are unique in that the rates of surface expansion are 
equal to, of may exceed, the rates of adsorption from bulk solution, so that the recorded 
tensions represent the balance between these two factors 


Tue expansion or contraction of a soluble film of sodium dodecyl sulphate influences the 
measured surface tension, and some aspects of this effect have already been considered. In 
Part [LX (/., 1948, 943) it was shown that tensions measured at the surface of an expanding drop 
could be as much as 10 dynes/cm. greater than the value measured at a stationary surface by 
the vertical-plate technique. Since the rates of expansion available by the drop method are 
small, it was not possible to regard the higher tensions as arising from any decrease in quantity 
of solute at the surface, and the differences in tension were attributed to the disonentation of 
molecules adsorbed at the expanding surface. The rates of surface expansion available by the 
trough-moving-barrier method are also small (Part XIV, /., 1949, 3406); when an equilibrium 
film of sodium dodecyl sulphate solution in a trough is expanded by movement of the barrier 
an increase in tension does occur, but, in view of the rapid adsorption rates of this compound, the 
tension change is again regarded as a property of the film 

In dynamic systems it is of interest to study the balance between rates of adsorption from 
bulk and rates of surface expansion. It was possible to do this with decyl! alcohol solutions 
(Part XIV, loc. cit.) by the moving-barrier method, since the rate at which the surface could be 
denuded of solute by expansion was of the same order as the rate at which the deficit could be 
replenished by adsorption. However, the rates of adsorption in sodium dodecyl sulphate 
solutions are so greatly in excess of those for decyl alcohol that in order to carry out similar 
studies it is necessary to employ a method giving considerably greater expansion rates. Table | 
compares the expansion rates available by three methods 


Tamir | 
Expansion rate 
Method Experimental! conditions 1 cm." expands in | sec. to 
Expanding drop Liquid flow rate 3 x 10°* ml. sex 13cm. 
orifice radius 0-135 cm 
Trough and moving barrier Maximum practicable rate of bar 1-5 cm.* 
rier movement 
Contracting jet Orifice radius 0-747 cm 20 cm." 


The experimental results given below indicate that the rates of expansion available in the 
contracting jet are sufficiently large to equal, or even to exceed, the rates of adsorption of sodium 
dodecyl sulphate molecules from solution, and in this paper these effects are compared at 
laquid-aur and liquid-liquid interfaces 

Jets of Sodium Dodecyl Sulphate Solution into Avwr—The experimental technique employed 
was that deseribed in Part X (/., 1949, 2789). The dimensions of the jets given by solutions of 
four different concentrations are recorded im Table II, where 4 represents distance from the orifice 
and » the horizontal radius 

The surface ages at the various points on the jets are included in Table II in order that the 
tension” curves given in Pigs. 1 and 2 may be transcribed on a time basis. By use of the data 
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in Table 11, surface tensions have been calculated by the method given in Part X (loc. cit., 
equation (8}}. This method involves (4) measurement of jet dimensions at the point at which the 
surface tension is required, and (6) evaluation of the total energy of unit mass of liquid at some 
convenient point in the jet. Since the surface energy at any point on a curved surface is 


represented by r( 2 . ). where r, and r, are the external and internal radii respectively, exact 
: ' 


values for these radii are required. The order of accuracy represented by the dimensions in 
Table Il has been found adequate to ensure accurate surface tension values. Concerning (6) 
above, the total energy term is the sum of the kinetic, potential, pressure, and surface energies, 
and it is of interest that variations in the total energy term (— A; in equation &, Part X) influence 
the calculated tensions to a smaller degree. Table III shows the tensions calculated (for one par- 
ticular jet) from the A and r values given, with total energy values over the range 145 to 165 ergs. 
Since K; can be determined with an accuracy of at least +2 units, it is clear that any such 
deviations in K, have no significant influence on the calculated tensions; and calculations similar 
to those in Table III which have been carried out on other jets show that this is true irrespective 
of concentration or flow rate. In consequence, the surface and the interfacial tension values 
recorded in this paper are regarded as reflecting accurately the surface properties of the films. 


Taste Il. 
Jet dimensions : sodium dodecyl sulphate solution > air. 

(1) f =» 1-256 mil. /sec.; ¢ = 0-00100m. (2) f ~ 1-335 mil. jsec.; ¢ « O-00217m 
r (cm.). Surface age (sec.). m™.), Surface age (sec.) 
©7471 0 I} 0 
0 5360 0-053 . O045 
0 3880 0-103 0-07! 
0.3400 122 , 2 0-080 
0 3056 0-133 , . O10 
©: 2875 O14 . . 128 
0-2616 0-149 : . 0-142 
2197 0-163 . 0-152 
01922 0-175 fi O19 
60-1710 0-183 0165 
0-1425 0-195 . - #171 
01250 0-204 , 0176 
0-1167 211 181 

©1178 0-187 


1-555 mi. ‘sec.; ¢ = 0-00320m. (4) f = 1-036 mi. 'sec.; ¢ ~ 0:00434m 
7 (cm.). Surface age (sec.). . ; Surface age (sec.) 
O-7471 0 47 6 
O-5180 6-039 Ol . 0-036 
0.3770 0-077 , . 0-055 
0 2045 ool . 0073 
02400 O15 7 } oom 
0.2067 0-125 0-100 
©1839 0-135 ol 
0 1660 0-139 » - ora 
1522 0-145 oi 
0.1438 0-149 . o-128 
©1371 o153 3 oF 0-133 
©-1312 0-157 . 137 
O1214 0-163 ‘ . Olal 

ole 
147 


Taste Il. 
Sodium dodecyl sulphate solution 
Concn. ~ 0-00326m.; f = 1-556 ml. ‘sec. 
Total energy of unit mass of liquid (ergs). 


we 155 ity 
Calculated surface tension, dynes cm. 





145 
71:3 
59-6 
59-6 
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The surface tensions obtained for a 0°00109m-solut+on are plotted both against distance from 
the orifice, and against surface age, in Fig. | (full ine B). If considerations of area change are 
excluded, it was to be expected that over the 0'1—02-second surface-age range the tensions 
should either decrease, or remain constant if adsorption was complete. In contrast, however, 
the tension values show 4 rapid rise over a tension range of at least 25 dynes/cm., followed by a 
steady tension value. Although the 4 axis in Fig. | extends only to 0-7 cm., this steady value 
has been found to persist down the jet as far as accurate tension measurement is possible, 1. 
tosh« Sem. For reasons explained in Parts X (loc. cit.) and XV (preceding paper), it is not 
possible to obtain accurate tension values in the A range below 0°25cm.; for example, the internal 
and external radii become equal, and thus the surface tension term vanishes, within the A range 
O1—02 cm. However, the surface tension of the solution at the instant the liquid leaves the 
orifice will be near to the water value, and must then fall rapidly to some value below the lowest 
recorded tension. Measurements of change in surface area (discussed below) would indicate that 
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the portion of curve B which is experimentally inaccessible has the approximate shape indicated 
by the broken portion of the curve 

The surface tension of this solution was 62°8 dynes cm. by the drop-weight method, and 58-0 
dynes cm. by the vertical-plate method, and the latter technique has been accepted as a method 
of recording the tension of the equilibrium, orientated surface film. The measured tensions 
recorded in Fig. 1, however, fall as low as 45 dynes cm_, and it appears probable that even lower 
values may occur nearer the orifice. It was considered that these low values might result from 
compression of the surface film at a rate greater than the rate of desorption, since it was already 
known (Part X, doe. est.) that the surface area of the contracting jet undergoes an initial 
contraction, followed by a rapid expansion. The initial contraction which occurs in jets of pure 
water is insufficient to produce this effect. Curve C (Fig. 1) shows the area changes for a jet of 
water flowing at the same rate (1'256 ml. /sec.) as that used for the alkyl sulphate solution; the 
area per unit volume, orginally 7°5, does not fall below 6:5 before expansion commences. The 
time axis in Fig. 1 applies to curves A and # only, and it is not possible from the information in 
Fig. | to derive rates of contraction for the water jet, but it is clear that, if the jet of alkyl 
sulphate solution undergoes similar area changes, the degree of contraction would be insufficient 
to influence appreciably the surface properties. The corresponding area-A curve for the solution 
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was therefore determined accurately from the measured jet dimensions, and is shown as curve A 
in Fig. 1. This curve differs from the water curve C in that the surface area undergoes a con- 
siderable contraction (from 3] to 7 area units) within the first 0-1 cm. of jet. Although at the 
instant of its formation the surface will have almost the tension, and thus the direction, of pure 
water, it is not experimentally possible to carry out area measurements in this region (represented 
by the intial broken section of curve 4). The area of unit volume of jet liquid may be expressed 
as 2/r sin 6 (where 6 is the angle of slope of the jet surface), and with the apparatus employed it 
was possible to view the jet within 001 cm. of the orifice. Within the 4 range 001-—0°15 cm. 
the jet was found to undergo the rapid contraction shown by curve 4, and the initial 0-0l-cm. 
portion of the jet has no practical significance in this connection. The area reaches a minimum 
at A = 015 om., and increases thereafter. 
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The shape of the tension curve B can be related directly with the areacurve A. As adsorption 
occurs the tension falls, and this accelerates contraction, until at the minimum of each curve 
the surface contains an amount of adsorbed material in excess of the equilibrium value. Surface 
expansion then occurs; although the rate of expansion (1 cm.* to 20 cm.* in | second) is much less 
than the initial contraction rate, it is greater than the rate at which the surface deficit can be 
replenished by adsorption, and the surface tension rises rapidly. As the surface excess 
diminishes, the rate of adsorption increases until a stage is reached (represented by the level 
portion of curve B) where the rate of decrease of surface concentration due to expansion equals 
the rate of increase due to adsorption. 

The present results represent, so far as is known, the only direct measurement on rates of 
adsorption of long-chain aiky] sulphates to liquid surfaces. Since expansion rates are known with 
some accuracy, the rates of adsorption on to the expanding surfaces can be calculated, and from 
this the rate of adsorption on to stationary surfaces. It is hoped to discuss this process in more 
detail in a later paper. 

Surface-tension and surface-area determinations similar to those given in Fig. | have been 
carried out on the other three jets whose dimensions are given in Table II, in order to assess the 
influence of bulk concentration on these effects. The range of concentrations enployed was below 
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the critical concentration for micelle formation (0°0065m }, so that the surface properties of the 
films were not influenced by micelle formation in bulk solution. The variation in calculated 
surface tension along the jets is shown in Fig. 2, and the surface area is plotted against surface 
age in Fig 3. At all concentrations steady values of tension are obtained along the jet surface 
beyond about @6 cm. from the orifice. In Fig. 3, the short vertical lines cutting the curves 
represent the surface ages corresponding to A = 06 cm. on each jet, and it is particularly 
significant that steady values of tension (Pig. 2) are obtained in each jet as soon as the rate of 
surface expansion becomes constant. It will be seen from Fig. 3 that the constant rate of surface 
expansion beyond A ~ 06 cm. is substantially the same for all jets. The steady tensions can 
therefore be interpreted readily as representing a balance between expansion and adsorption 
rates; the expansion rates are constant for all concentrations, but as the bulk concentration 
increases the rate of adsorption also increases, so that the steady surface-tension value is lowered 
correspondingly. It is of interest here to compare the surface-tension values given for the four 
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solutions by the jet, the drop, and the vertical-plate method. These values are collected in Fig. 4 
The region between the drop-weight and the vertical-plate curve represents the region within 
which surface tensions of equilibrium films disorientated to various extents will lie; tensions 
above the drop-weight curve can only be obtained at surfaces which are expanding at a rate 
in excess of the rate of adsorption. It is theoretically possible therefore to obtain tensions at 
any position between the drop-weight curve and the pure-water (broken line) value; the 
comtracting-jet curve in Fig 4 shows the extent to which this occurs with the expansion rates 
employed (Pig. 3) 

As the & value decreases below 0-6 cm., the tension falls rapidly in the case of the most dilute 
solution, curve 4 (Fig. 2) has already been considered with reference to Fig. 1. When the 
concentration is increased to 2:17 « 10°. (curve 4), the same shape of curve is maintained, but 
the fall in tension is not so rapid, since the steady tension is lower. Curve B can probably be 
extended to the orifice in a manner similar to carve 4. However, when the concentration is 
imereased further (curves C and 2), the tension imcreases over the measurable A range below 0-6 
em., and an additional factor is clearly being introduced. The following tentative hypothesis is 
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proposed as an interpretation of this effect. The measured tensions (curve D) can be extra- 
polated back to some point X having a tension near the water value. On the other hand, the 
initial fall in tension from the orifice in the case of the more concentrated solution D must be more 
rapid than for solution A, since the rates of compression (Fig. 3) are comparable while the rate of 
adsorption is greater. Therefore the surface tension of solution D must fall to some point Y 
(Fig. 2). It follows that within the very narrow A range between X and Y some feature must 
arise to restore the low surface tension rapidly to about the water value. When the bulk 
concentration is small (curve 4, Fig. 2), the quantity of adsorbate on the surface may not be 
sufficient to produce, even after compression, a surface excess beyond the monolayer quantity. 
With higher concentrations, the monolayer may be produced before the end of the compression 
process. The rates of compression which obtain in the jet are probably too rapid for the normal 
desorption by diffusion from the surface to occur, and further rapid compression of the monolayer 
(at point Y) may give rise to the aggregation of adsorbed long-chain ions into micelles at the 
surface. It is already known that such aggregation is an extremely ready process in bulk 
solution, and it is believed (Powney and Addison, Trans. Faraday Soc., 1937, 88, 1243) that ionic 
micelles have a negligible surface activity. This aggregation may account for the rapid rise of 
tension between Y and X. The vertical line at 
X represents the A value at which the surface 
area begins to expand. Thereafter the surface 
micelles may be considered to revert to single 
surface-active ions, with consequent fall in tension 
along the jet until the steady value is reached 
Curve C may be interpreted in a similar way, 
and therefore the shape of the y-A curves will 
depend on whether the initial adsorption and 
compression processes produce, on the surface, 
more or less than the monolayer quantity of 
adsorbed solute 

Jets of Carbon Tetrachloride into Sodium 
Dodecyl Sulphate Solutton.—The dynamic tensions 
at the surface of a jet of carbon tetrachloride 
flowing into an aqueous solution of sodium dodecy! 
sulphate have been studied in order to determine 
whether the features characteristic of liquid 70 70. 30 40 
air jets occurred also in the liquid-liquid system Concn.(m. x10"). 
The apparatus and technique used were precisely 
as described in Part XV (preceding paper) ex- Y, Drop-weight method 
cept that the water in the tank was replaced Z, Vertical-plate method. 
by the sodium dodecyl sulphate solution. In 
order that the results might be comparable, the orifice used was that employed in the liquid->air 
experiments described above. However, when this orifice was immersed in the aqueous solution, 
its lip was wetted preferentially by this solution, so that the jet of carbon tetrachloride flowed 
cleanly from the inside edge of the orifice (internal radius, 0600 cm.). It was not possible to 
carry out experiments over the full concentration range employed for the liquid->air jets; 
because of the critical flow rate phenomenon discussed in Part X (loc. cit.), the low interfacial 
tensions obtained with the more concentrated solutions led to break-up of the jet. In order to 
obtain stable jets at these higher concentrations it would have been necessary to use flow rates 
above 10 ml. /sec., which was not practicable. 

Two jets have been measured, and their dimensions and surface ages are given in Table IV. 

By use of the equation developed in Part XV (preceding paper), the interfacial tensions along 
these jets have been calculated, and are plotted against A in Fig. 6, which shows the corresponding 
area curves also. The concentrations employed are at the lower limit of the concentration range 
used in the liquid->air jets, and curves G and H (Fig. 5) are to be compared with curve A 
(Fig. 2) rather than with curve D. Owing to the less rapid narrowing which occurs with a 
liquid-> liquid jet, the initial contraction in area, though quite definite, is less pronounced than in 
the case of the liquid->air jet. Comparison of curve A (Fig. 1) with curve E (Pig. 5) shows that 
the liquid air jet area contracts from 31 to 7 area units, while the liquid-> liquid jet contracts 
from 13 to 7 area units, in a similar time and distance. In consequence the initial fall in tension 
from the pure water interfacial tension value (curve G, Fig. 5) is not so pronounced. Thus the 
tension at the liquid-air jet (curve B, Fig. 1) fell to at least 13 dynes/cm. below the vertical- 
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Tasie IV. 
Jet domenstons carbon tetrachloride» sodium dodecyl sulphate solutvons 
(1) f « 1-876 mi. jecc.; ¢ ~ 0-00075m— (2) f = 2-504 ml. jsec.; ¢ = 0-0015m. 
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plate tension for that solution, whereas the lowest tension recorded by the liquid-liquid jet 
curve G, Fig 5) does not fall to the vertical-plate value. The interfacial tension of the 0:00075m- 
solution measured against carbon tetrachloride by the drop-volume method was 33-5 dynes ‘cm 
and the vertical-plate value is known to be several dynes ‘cm. below the drop-volume value. The 
lowest measured tension by the jet (curve G, Fig. 5) was 34-9 dynes/cm. Comparison of Figs. 1 
and 5 will show that the rate of surface expansion in the liquid->lhquid jet ts not more than half 
the rate in the liquid->air jet. Therefore, although the shape of curve G (Fig. 5) resembles that 
of curve B (Pig. 1), the balance between expansion and adsorption is attained more slowly, and 
the steady value of tension is not reached until éA = 15cm 
The shape of the y-4 curves for liquid» air jets is a reflection of the initial rapid contraction of 
the surface. With hquid—hquid jets it was found possible almost to eliminate the initial area 
contraction by a small increase in flow rate. Curve F (Fig. 5) shows the change in area along a 
jet flowing at 2504 ml j/sec. If the rises in tension along the jet are, as has been presumed, a 
consequence of the initial area contraction, then the elimination of this contraction should also 
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eliminate the upward drift in tension. Curve H (Pig. 5) shows the tension values corresponding 
to the area curve F, and it is significant that an upward drift in tension no longer oceurs. In this 
jet, normal adsorption proceeds, and is influenced little by area changes, up to A « 02 om. 
Thereafter the curve H levels to a value (representing the balance between adsorption and 
surface expansion) of 37°5 dynes/cm. The surface tension of this solution, measured by the 
drop-volume method, was 25°5 dynes/cm. 

Surface Tension at the Barrier.—It has been implied, in connection with Fig. 3, that, when 
the surface area of the jet begins to expand, the rate of expansion has a constant value through 
the remainder of the jet. This appears to be the case for that length of jet (up to about 1:5 cm. 
from the orifice) over which surface tensions can be determined accurately from jet dimensions. 
It would appear, however, that at greater distances from the orifice, where the jet assumes almost 
cylindrical form, the rate of surface expansion decreases. Thus the surface tension of the solution 
used to obtain curve G (Pig. 5) was determined at the barrier, 3°3 cm. from the orifice, by the 
wave method discussed in the following paper. A value of 32:5 dynes/cm. was obtained (cf. 
33°5 dynes/cm. by the drop method), from which it may be inferred that the rate of surface 
expansion had decreased to a rate similar to that obtaining in the expanding drop. 


Taz University, Norri~ncuam. [Received, July 20th, 1050.) 





604. The Properties of Freshly Formed Surfaces. Part XVII. The 
Measurement of Surface and Interfacial Tensions of Solutions, employ- 
ing Stationary Waves on a Vertical Jet. 


By C. C. Appison and T. A. Exwiort. 


The paper describes an experimental technique developed for the formation and measure- 
ment of the stationary waves produced when a vertical jet of water or aqueous solution strikes a 
barner, and the method of calculating surface tension from wave lengths and jet diameters is 
discussed. The influence of surface tension on the formation and measurement of waves has been 
studied, and the technique has been extended to the measurement of waves on a jet of carbon 
tetrachloride flowing into water and aqueous solutions 


Parts X (/., 1949, 2789), XV, and XVI (preceding papers) have described methods whereby 
the surface and interfacial tensions of aqueous solutions of surface active compounds may be 
determined at small surface ages from the dimensions of a contracting jet of liquid flowing from a 
circular orifice. These measurements are restricted to the first 2 cm. of jet, since thereafter, 
when the jet approaches cylindrical form, its dimensions are little influenced by changes in surface 
tension. However, when the jet strikes a solid or a liquid barrier, stationary waves are set up on 
the jet over a distance of about | cm. from the barrier. It was considered that, if the surface 
tension of solutions could be determined from the length of these waves, such measurements 
(taken in conjunction with the tensions determined from jet dimensions) would permit the study 
of the surface films over the full jet length. The tensions determined from jet dimensions over 
the 0 2—2-0-cm. range are expanding-surface values; beyond this range, where the wave method 
is applicable, the rates of surface expansion gradually diminish, so that tensions may be deter- 
mined from wave lengths at smaller rates of surface expansion than those available in the rapidly 
contracting portion of the jet. Further information can therefore be obtained on the influence 
of expansion rates on the properties of the films, and this information should ultimately be of use 
in determining rates of adsorption on to stationary surfaces. Again, the formation and measure- 
ment of waves is independent of orfice size, so that by variation in orifice radius a wide range of 
expansion rates can be obtained 

The method of stationary waves has been applied by Satterly and his co-workers (Trans. Roy 
Soc, Canada, 1934, 28, 177; 1935, 29, 105; 1936, 30, 129) to the measurement of the surface 
tension of pure water and mercury, with jets of these liquids in air. The present paper describes 
some preliminary experiments carried out to determine whether the method is applicable to 
aqueous solutions. The technique has also been extended to jets of carbon tetrachloride 
flowing into water and aqueous solutions. 

The mathematical theory of the stability of jets was presented by Rayleigh (Proc. Roy. Soc., 
1879, 29, 71) and a modified treatment of the theory is given by Lamb ( Hydrodynamics,” 
Cambridge Univ. Press, 1932, p. 472). Satterly and Strachan (Joc. cit., 1935) applied this general 
Gadtaseak top collision 4 camel symmetrical displacement of the surface of a cylindrical jet, 
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giving rise to stationary waves, and developed equation (1) relating flow rate, wave length 
(A), radius (7), and surface tension (y). If » is the liquid density and v the linear veiocity, then 


pet 2nr® Titers) a (1) 
/ Resbaree T,f@erja) (2efP—-bo = 


where J, and /, are Bessel’s functions, the values of which are given by 
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where 2 represents 2nr/>. Satterly and Levitt (loc. cif, 1936) employed an equation which 
was identical with equation (1) except that the term 27/) was replaced by 27/2. Since it is not 
clear how this equation was derived, it has not been considered further in this work. In the 
derivation of equation (1) the influence of gravity is neglected, and uniform liquid velocity in the 
direction of the jet axis is assumed. 

Thus the theoretical requirements for the accurate determination of surface tension are: (a) 
the condition for stability (, < 2x7) must be maintained, (b) the rate of change of linear velocity 
along the jet should be negligible, (c) the wave amplitude must be small, and (d) the jet should be 
as nearly cylindrical in shape as possible, to permit the approximation v = f/xr* 


EXPERIMENTAL. 


ipparatus —The apparatus used for the production of the liquid-pair jets was identical with that 
described in Part X (doc. est.), except that the orthee had external radius 0419 cm. The interfac — 
were produced as described in Part XV (/., 1950, 3090). Well-defined waves are not obtained at all 
rates, the clarity of the waves appears to be determined by the linear velocity of the liquid. This in 
turn 1s determined by the jet diameter, so that the position of the barrier must be adjusted, for any given 
flow rate, to the optimum position for distinct waves. Under the conditions employed (see results 
below) the ortice-—barner distance was about 3—4cm., the jet circumference was then at ieast four times 
the wave length, and the barrier was sufficiently far from the orifice that the change of linear velocity 
across a single wave was negligible 


Iivmination and Measurement — Jet diameters were measured by means of a travelling ie 
Por this as the jet was illuminated directly from behind, through a diffuse screen, and it was 


to measure both crest and trough diameters with accuracy (see Fig. 1}. For the measurement Ce wave 
length, the jet was illuminated solely by a point source of light suspended near, and at the same level as 
the microscope, so that only light reflected from the jet entered the objective. Under these conditions, 
the waves were clearly marked by sharp horizontal! bars of light 


Harner. — For the liquid->air jets, the spherical surface of a 50-ml. glass flask was used. The flask 
was so placed that the jet struck the flask symmetrically, and the glass surface was etched to ensure 
complete wetting. In the absence of external vibration, the solid barrier gave rise to steady waves 
capable of accurate measurement. Viewed by eye, the waves given by a liquid barrier (such as the 
surtace of the same solution contained in a constant-level vessel) appeared to be more clearly defined, but 
when viewed by microscope the waves were seen to undergo constant movement. This is leant due to 
the fact that, in order to maintain the waves sufficiently stationary, the liquid barrier level should be 
constant within at least 0-005 cm., which is beyond the scope of normal constant-level devices. A 
photographic method may overcome this difficulty, but im addition it is found that at certain flow rates 
ripples are formed on the barner surface, these mpples superimpose a secondary wave motion on the 
jet, and a plane section appears in the wave band 


For the jets of carbon tetrachiornde flowing into water or aqueous solutions, it was necessary to employ 
the liquid barrier and constant-level device shown in Part XV (lec. cit). The barrier was then an interface 
submerged under several cm. of water Surface rippling was not detecta ie, and variations in the flow of 
hqued through the constant-level device were so damped that the interface remained at a constant level. 
When a solid barrier was used, the point of impact of the jet moved <vatinually over the surface, and no 
suitable solid could be obtained which was preferentially wetted by the carbon tetrachloride 


Although in applying equation (1) it is necessary to use symmetrical vibrations, it is of interest that 
the waves produced by allowing the jet to impinge of an unsymmetrical object (such as a piece of wire 
of a glass plate held at an angle other than 80°) are more pronounced and thus more readily observed. 

Vibvration.—-The waves on a jet of liquid in air are extremely sensitive to external vibration. Any 
sound, even normal speech, caused the waves to fluctuate, and it was not possible to carry out wave 
measurements while any other person was moving about the laboratory. measurements described 
below were carried out im an isolated building, and the supports for the apparatus were built into the walls. 
Even wader these conditions, the shunting of a railway engine at a distance of half-a-mile was reflected by 
tremors in the jet. If still conditions were not available, it would be essential to employ a fast need 
graphic plate to record the wave dimensions. The waves on a jet of carbon tetrachloride flowing into an 
aqueous solution were much less sensitive to vibration 
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Discussion anp RESULTS. 
It follows from equation (1) that the surface-tension value varies with approximately the 
first power of the wave length, but with at least the fourth power of the jet diameter. Therefore 
small errors in the measurement of the diameter are of major significance. The diameter 


Fre. 1. 
Waves on water jet striking glass barrier, Flow rate = 1-669 ml. ‘see. 


Jet diameter (cm). 














3 4 
Wave number. 
Nature of jet. y (dynes jcm.). 
W ater—paur 733 
0-155% 180A myl alcohol solution-pair 62-5 
0-350%, isoAmyl alcohol solution->aw 53-9 
Carbon tetrachionide>water “5 


fr ae ee ate ee RI ey th ja). Crest and trough diameters for 
a typical jet are shown in Fig. 1. The amplitude of oscillation is one-quarter of the distance 
between the crest and trough diameter curves; over the major portion of the wave band the 
amplitude is approximately 0°5% of the diameter, and never rises above 1%. While this order 
of amplitude is sufficiently small to satisfy the theoretical requirements of equation (1), it is still 
sufficiently large to render the determination of the mean diameter necessary. The mean 
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diameter is rep ted in Fig. | by the broken curve; in all experiments both crest and trough 
diameters were measured, and, except where otherwise stated, surface tensions were calculated 
from the mean diameter. The shapes of the crest- and the trough-diameter curve are of interest 
In all experiments on jets of quid in air the trough diameters decreased in a regular manner as 
the barrier was approached. The trough directly in contact with the barrier has been ignored 
throughout; its diameter was difficult to measure, and was influenced by contact with the 
barrier. Crest diameters decreased similarly, but increased again slightly over the one or two 
waves adjacent to the barrier 

For jets of water in air, the wave length decreased regularly as the barner was approached 
(curve B, Fig. 2). Curves C and D (Pig. 2) show corresponding curves for tscamy! alcohol 
solutions of lower surface tension. Although for these solutions of lower surface tension the 
shape of the crest- and the trough-diameter curve remain essentially as shown for water in Fig. 1, 
the decrease in surface tension appreciably modifies the form of the wave length-wave number 
curve, so that at a tension of 53°90 dynes cm. (curve D, Fig. 2) the wave-length values pass through 
a minimum. 

Caleulation of Surface Tensions —Table | shows a typical set of measurements carried out on 
a water jet at 20°. The barrier was 2°8 cm. from the orifice. 





Taste I 
Jet of water->air. Flow rate, 1°558 mi_/sec. 


A om Mean y A (em Mean 
Wave to (crest crest @ (cm.) (dynes/cm.). (trough-trough) d (cm.) 
©1173 © 1853 01133 O- 1se4 
O1225 © ls80 & 1195 ised 
®- 1288 0- 1920 f 01256 0- 1900 
©1370 0. 1960 5 o- 1334 0 1938 
O14 ©2018 0.1460 0- 1984 
©1700 © 2047 0.1670 owl 


Mean y = 70- Mean y = 71-6 


By appropriate adjustment of the illumination it was possible to obtain points or bars of 


light at both the crests and the troughs of the waves. The crest-crest distances given in Table I 
(column 2) correspond with the wave numbers shown in Fig. la. The trough-trough distance 
shown in Table I (column 5) as corresponding to wave number | is actually the distance between 
the troughs of waves | and 2 (Fig. la), and the other recorded trough-—trough distances are 
similarly to be regarded as displaced by half a wave (in a direction away from the barrier) from 
the corresponding crest-crest distances. The distilled water employed in these experiments had 
a surface tension of 71°8 dynes/cm. when measured by the drop-weight method. Since the 
mean values recorded in Table | are within | dyne cm. of this value, the experimental method 
and equation (1) were conmdered to be applicable to the study of aqueous solutions. Although 
most of the calculated tensions are close to the mean value, it has been found in this work that 
occasional discrepancies occur (as with the trough-trough measurements for waves 2 and 6) 
This arises from the sensitive nature of the measurements, and individual results are not 
sufficiently accurate to permit the study of tension changes across the wave band, unless such 
changes are large. However, this does not diminish the significance of the results since under 
suitable experimental! conditions the surface age of the jet in the neighbourhood of the barrier 
will be about 02-03 second. The six waves recorded in Table I represent a jet length of 0°82 
cm., s© that the wave band is equivalent to a time range of only 0015 second. It follows that, 
in the case of aqueous solutions, changes in tension will in general be small, and that in the study 
of dynamic tensions the values calculated from different waves are to be combined to give a 
single tension value on the tension—time curve 

Measurements carried out on jets of aqueous solutions have shown that, when the surface 
tension is decreased, the waves are much less pronounced, and are fewer in number, than in the 
case of the water jet at a comparable flow rate. Table II gives measurements carried out on 
two solutions of sseamy!l alcohol at 20° 

Beyond the wave numbers shown in Table I!, the waves were not sufficiently well defined to 
be measured with the necessary accuracy. With these solutions it has been found in general 
that the surface tensions calculated by equation (1) from the crest-crest wave lengths are 
somewhat higher than those derived from the trough-trough values, but it is clear from Table II 
that the moan of all results for a particular solution lies within 0-1 dyne ‘cm. of the drop-weight 
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tension. It has not been found possible, with the present technique, to measure surface tensions 
below about 50 dynes/cm. Decrease in surface tension results in a decrease in the mean diameter 
and in the wave length (Fig. 2). In consequence, the experimental errors involved at tensions 
below about 50 dynes/cm. are considerable. Also, below this tension value the waves were 
scarcely distinguishable at practicable flow rates. 


Taste Il. 


Jets of woamyl alcohol solution-> air, 
Experiment ennneaare 
ssoAmy! alcohol concn. (%) . 
Flow rate (ml./sec.) .... 
y,. by drop-weight method (dynes cm. ). 
y. by wave-method (mean of all determinations) (dynes/cm j 
Wave A (cm.) y A (em.) 
Expt. no (crest—crest) (dynes/cm.). (trough-trough) 
A O-41005 665 O.07R 
00-0897 . 641 00-0805 
. ' - oma 


00775 O-1451 S67 
00770 1449 566 
O0Ts 0.1465 55-0 
O0TSS 00-1468 55-6 


Mean y = 56-0 


Tasce Il. 
Jets of 0°023%, sec.-octyl alcohol solution->air. yy, by drop weight method = 53°5 dynes jem. 


Flow rate Wave A (cm.) Mean y A (cm.) Mean y 
(ml, /sec.) no (crest-crest). dicm.). (dynes/cm.). (trough-trough). d(cm.). (dynes/cm.). 
0-990 i OTR 0-1390 0-0697 0- 1406 
2 


0-0757 0.1404 0-0693 0.1400 
0-0795 01416 . 00713 0-1418 
0-0855 0-1420 0-0765 01422 
Mean y = 59 Mean y = 
06-0722 0-1402 § 00675 06-1397 
00760 00-1406 7 00703 06-1402 
O-0805 o-1416 O-07T35 01410 
0-0847 01434 . 00775 0-1424 


Mean y = 57-46 Mean y = 53:3 


Table III shows measurements carried out on an aqueous solution of sec.-octyl alcohol 

The tensions calculated from crest wave lengths are again greater than those calculated from 
trough wave lengths. The two sets of results given in Table III indicate that this tension 
difference may vary from experiment to experiment, but the mean value remains constant 
(55°35 dynes ‘cm. in the first, and 55°45 dynes /cm. in the second experiment) 

The mean of the crest and the trough diameter is the appropriate value for substitution into 
equation (1); from a consideration of this equation, it will be seen that the high tensions calcu- 
lated from the crest wave lengths may arise from the use of wave-length values which are too 
high, or jet-diameter values which are too small. Since the wave-length values used are 
measured directly, it appeared that the high values of tensions may arise from the fact that the 
mean crest—trough diameters are too small for the correct operation of equation (1). Conversely, 
the low values of tensions calculated from the trough wave lengths would indicate that the mean 
diameter is too large, when substituted into equation (1) together with the trough wave lengths 
As an empirical approach to this problem, the surface-tension values given in the first experi- 
ment in Table III have been recalculated by using the mean of the crest diameters, and the 
mean of the trough diameters, respectively, in place of the mean between crest and trough 
diameters, and the results are given in Table IV 

Table IV shows that when this method of calculation is used, the differences between the 
two mean values is reduced from 8°5 dynes /cm. (Table I11) to 3°5 dynes/cm., without any appreci- 

oN 
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able alteration in the mean of all results (54°85 dynes cm., compared with 55°35 dynes/cm. in 
Table 111). This method of calculation, though somewhat empirical, therefore appears to be 
preterable 
Tame IV. 
Wave no. Mean of crest diameters (cm.). » (dynes/cm.). Mean of trough diameters (cm.). » (dynes /cm.). 
i otal ©- 1392 52-6 
OMT © 1304 s21 


2 
5 © 1426 o l4o0 52-9 
4 oO 1436 1416 A 


Mean y 6 Mean y = 53-1 


Although the tension calculated for the tscamyl-alcobolic solution by the wave method 
agreed closely with the drop-weight value, the wave method gives a tension value about 2 
dynesjom. above the drop-weight value for sec.-octyl-aleoholic solutions of the same surface 
tension. This is consistent with experiments reported in Part X (loc. cit). The high rate of 
expansion of the jet surface was shown to be without influence on the surface activity of tsoamyl 
alcohol. Hecause of the slower rate of adsorption of sec.-octy! alcohol, the tensions calculated 
from jet dimensions over the contracting portion of the jet were found to be 44 dynes/cm 
higher than the drop-weight value for a similar solution. The rate of surface expansion is known 
to decrease at greater distances from the orifice, but as the tension at the wave band is 2 dynes cm 
higher than the drop-weight value, the rate of expansion at the wave band may be regarded as 
still in excess of the rate of adsorption 

Caleulation of Interfacial Tensions The amplitude of the waves formed on a jet of carbon 
tetrachlorule flowing into water was much less pronounced than with the hquid->air jets. It 
was still possible to obtain crest and trough diameters by employing diffuse Ulumination placed 
directly behind the jet, but the ilummation of the waves was more difficult, and only the 
crest-crest distances coukl be obtained with accuracy. With liquid->air jets the use of a liquid 
barrier may often give rise to smooth sections within the wave band, caused by interference 
from the ripples on the barrier surface, but in the liquid-> liquid system these barner ripples are 
damped out to such an extent that smooth sections were not observed at comparable flow rates 
The variations in wave lengths and diameter differ somewhat in the two cases. Curve A (Pig. 2) 
is a typical wave length-wave number curve; in form it resembles the liquid->air curve D 
(hig. 2) obtained at low surface tension, but the minimum im the curve is more pronounced The 
diameter-wave number curves are similar in shape to those for liquid-—>air jets given in Fig. 1, 
except that the increase in crest diameters near the barrier is more pronounced 

The interfacial tension between carbon tetrachloride and water has been calculated (Table V), 
squation (1) being employed Since the density factor occurs in the kinetic energy term of 
equation (1), the density value employed was that of the jet liquid (1°602 g. /ml. at 20°) 


Taste V 


Jet of carbon tetrachloride-> water, Fiow rate = 0°950 mi. /sec. y, by drop-volume method = 44°8 
dynes ‘cm 


A fom.) Mean 4 y A (cm.) Mean @ y 
Wave bo. (crest crest (om (dynes /cm.)} Wave no. (crest-crest cm.) dynes cm.) 
I 149 188 (55-1) 4 O14 0105 43.5 
2 126 O- 186 467 5 O-151 0-199 “0 
5 o-126 © 190 426 6 0163 0-202 454 


Mean y ~ 44-4 dynes «m 


Comparison of the dimensions in Table V, with those given in Table II (experiment 8) for 
the lowest liquid->air tension studied, shows that both the wave lengths and the diameters of the 
liquid-»hquid jet are considerably greater than the hquid-—>air values, and the contrast would 
have been even greater if it had been possible to study the liquid->air jets at a tension of 44°8 
dynes cm. This would be expected to lead to greater accuracy in the tension values at liquid— 
liquid interfaces, but this is somewhat offset by the greater difficulty experienced in making 
accurate measurements. Nevertheless, the mean calculated tension agrees closely with the 
drop-volume value In contrast to the liquid-—>air jets, the tension value calculated from the 
first wave is not a true value, and is ignored in calculating the mean tension. In liquid-liquid 
jets the first crest is perceptibly larger than the others, and it would appear that at this point 
the oscillations are not pure 
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In order to test the applicability of this technique to aqueous solutions, wave measurements 
have been carried out on a jet of carbon tetrachlonde flowing into an aqueous solution of sodium 
dodecy! sulphate. The results are shown in Table VI. 


Taste VI. 
Sodium dodecyl sulphate concentration 0-00075m. Flow rate = 1-876 mi./sec. Orifice- 
barrier distance = 33cm. y, by drop-volume method — 33-5 dynes/com 
Wave no. A (cm.) (crest-crest). Mean d (cm.). 


2 078 0-249 
3 089 0-254 


At this low interfacial tension and relatively high flow rate it was not possible to measure 
more than three waves, and the first wave has been ignored. The jet on which these wave 
measurements were made was one of the jets used for the determination of tensions from jet 
dimensions. The tension values nearer the orifice are therefore given in Part XVI (preceding 
paper), Fig. 5, curve G, and the results by the two methods are complementary. Over the 
0-2—1-4-cm. distance from the orifice, the tension rises (as a result of surface expansion) from 
35 dynes/cm. to a level value of 44 dynes/cm. The shape of the tension curve indicates that 
beyond 1-4 cm. the tension will fall again as the rate of surface expansion decreases, but tension 
measurement from jet dimensions is not accurate beyond this point. The above wave measure- 
ments indicate that the tension falls again to a value close to the drop-volume value and therefore 
that the rate of surface expansion has decreased, at a distance of 3-3 cm. from the orifice, to a 
rate comparable with that occurring in an expanding drop. 

It is therefore considered that the method of wave measurement may be employed 
at interfaces, as well as at surfaces, in conjunction with the method of jet dimensions, for the 
study of dynamic tensions at small surface ages. 


Tue University, NorrincHam. (Received, July 20th, 1950.) 
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Preparation of 9-Stibiafluorenes and Optical Resolution of 2-Carboxy- 
9-p-tolyl-9-stibia fluorene. 
By I. G. M. Camppete. 


The synthesis of substituted 9-stibiafluorenes by ring closure of 2-diphenylylarylstibonous 
acids is described. Se ee tee has been resolved into (+)- and 
(—)-forms by means of (+)- (—)-e-phenylethylamine and the optically active acids, 
(olf? 4+ 245°, are stable in pyridine at 20° but are racemised at 40°, though too slowly for 
accurate rate determination. The asymmetry of the molecule is due to one of two possible 
causes: either the stable pyramidal! disposition of the three valency bonds of the antimony 
atom, if the tricyclic system is planar; or the twisted position of the two benzene rings in the 
tricyclic system, which deprives the molecule of any symmetry whether the bonds from 
antimony are pyramidal or planar. 


Tue configuration of 3-covalent compounds of nitrogen, phosphorus, arsenic, and antimony is 
generally accepted as pyramidal. Sutherland, Lee, and Wu (Trans. Faraday Soc., 1939, 36, 
1373) have determined the structural constants of phosphine and arsine using infra-red spectra 
Their results show that the height of the pyramidal molecule increases, and the frequency of 
inversion decreases, from ammonia to arsine, and further that replacement of hydrogen by 
deuterium considerably lowers the frequency of inversion, that of PD, being reduced to one- 
thousandth of its value in PH,, and that of AsD, to the comparatively low value of 30 per 
second. These authors suggest that the use of heavy organic radicals might reduce the speed of 
inversion of phosphorus and arsenic derivatives to such an extent that the optical resolution of 
asymmetric phosphines and arsines might become practicable. Although precise information is 
lacking, it is probable that the same considerations ould for stibine, and as antimony is a 
heavier atom it is likely that the frequency of inversion will be lower than that of arsine, though 
probably still too high for successful optical resolution of a simple stibine containing three 
different aryl groups. It was therefore decided to attempt the resolution of a heterocyclic 
stibine in which the inversion of the pyramidal configuration would be considerably inhibited 
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The only case of optecal activity caused by the disposition of the valency bonds in a 3-covalent 
antimony compound is that of 10-p-<carboxyphenyl-2-methylphenoxstibine (/., 1947, 4) in 
which the molecule ts folded about the O-Sb axis in the same way as in the phenoxarsines (Lesslie 
and Turner, /.. 1934, 1170, 1935, 1268, 1936, 730; 1938, 1001; 1949, 1183) and 5: 10-di-p- 
tolyl-5 : 10-dihydroarsanthrene (Chatt and Mann, j., 1940, 1184). Resolution of the phenox- 
stibine was effected by the use of strychnine, and the (+)- and (--)-acids, (a), +77", were 
stable in chloroform at 20°, but in experiments with quinine as resolving agent an apparently 
anomalous resolution produced an analytically pure acid, (a), — 27°, which racemised slowly in 
chloroform at 20° with a half-life of 29 hours (unpublished results). The possible explanation 
of this result, that two causes of asymmetry were present, the first due to the folding of the 
molecule and the second due to the unstable pyramidal! configuration of the tervalent antimony, 
was not further investigated because of the difficulties involved in the synthesis of the (+ )-acid 
and because it seemed wiser to attempt the optical resolution of a cyclic antimony compound 
in which the unnecessary complication of the folded molecule was absent. The 9-stibia- 
fluorenes (IV) were considered to be suitable for investigation 

Seale drawings of 9-stibiafluorenes, embodying the accepted dimensions for diphenyl, 
indicate that the antimony atom (radius 1°41 a.) can be accommodated between the two coaxial 
benzene rings and allow the tricyclic system to remain planar if the antimony bond angle is 86°, 
and the bonds from the 2- and 2’-carbon atoms of the diphenyl! system are bent inwards making 
the angle 107° instead of 120° (see figure) 

If the two benzene rings remain coplanar but not coaxial, 1¢., if the rings are bent away from 
each other and the angle a in the figure is increased from 120° to 122°, the antimony bond angle 
becomes 90° and the angle § is reduced to 103°, By comparison with molecules of known 
dimensions, these distortions of the valency angles do not seem improbable. The interbond 
angle in tervalent antimony compounds has been shown by electron diffraction to be about 100° 
in the trihalides and by X-ray studies to be 90° in valentinite, one of the forms of Sb,O, (Wells, 
Quart, Reviews, 1948, 2,193) Further, it has been predicted on theoretical grounds (Stevenson, 
]. Chem. Physics, 1940, 8, 285) that in stibine the angle should be 90° + 1°, so that an antimony 
angle of 86° would probably only require two of the valency bonds to approach by 2° 
Distortions of the external valency angles of the benzene-carbon atoms towards substituent 
atoms are known to occur. For instance, in phthalocyanine, fusion of the benzene ring with 
the five-membered nitrogenous ring reduces the external bond angles to 106°5° and 104° as 
shown by X-ray measurement (Robertson, /., 1936, 1195), and investigation of diphenylene by 
both electron diffraction and X-ray methods has shown that it is indeed dibenzcyciobutadiene, 
© that the external angle must be 90° (/. Amer Chem. Soc., 1943, 65, 1451; 1944, 66, 2035) 

There remains the possibility that the two benzene rings remain coaxial! but not coplanar and 
accommodate the antimony atom with its normal bond angle by forming a twisted or “ skew " 
molecule To allow an antimony bond angle of 100°, 95° or 90°, the angle subtended between 
the two benzene rings must be 62°, 48°64", or 31°2° respectively This seems an improbable 
configuration as it involves bending the bonds from the 2- and the 2’-carbon atoms considerably 
out of the planes of the rings However, if this twisted form is preferred the molecule is 
asymmetric whether antimony is planar or pyramidal, and a 9-stibiafluorene unsubstituted in 
the dipheny! residue should be capable of optical resolution. This possibility is under 
tavestigation 

The only stibiafluorenes known are those described by Morgan (Proce. Roy. Soc, A, 1930, 
127, 1), and preliminary attempts were made to obtain 9-chloro-9-stibiafluorene (xenylene- 


/ New 

\ gp ] 

, a 
atibine chloride) by Morgan's method, and by the method used by Aeschlimann ef al. (J., 1925, 
66) for the preparation of derivatives of the arsenic analogue of carbazole. As the yield of 
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diphenyl-2-stibonic acid from the usual Bart-Schmidt reaction on 2-aminodiphenyl was rarely 
more than 5°%,, this route proved unsuitable and the compounds were prepared according to the 
following scheme (cf. Bruker, Chem. Absér., 1949, 48, 1737, 4647) : 


. ee. 
= ee — Set 
- a Ohta J 

N, SbCl, Pn, Oe 


O 


(not isolated) 


Addition of a solution of diphenyl-2-diazonium chloride to p-tolylstibinous chloride in 
ethyl alcohol gave a yellow addition product (similar to that obtained with antimony 
trichloride), which decomposed on addition of a trace of copper powder to give a small quantity 
of the diarylstibine trichloride. Much better yields were obtained in the absence of aqueous 
acid. Addition of the antimony chloride double salt of diphenyl-2-diazonium chloride, 
filtered and washed with alcohol, to p-tolylstibinous chloride in alcohol in the presence of a 
trace of copper gave a readily separable mixture of a little di-2-diphenylyl-p-tolylstibine 
dichloride (1; R= R’ =H, R” = Me) along with 30% of 2-diphenylyl-p-tolylstibine 
trichloride (Il; R = R’' «= H, R” = Me). Ring closure of the latter could not be accomplished 
by heat but was effected by dehydration of the corresponding stibonous acid using 
acetic anhydride containing a little sulphuric acid (cf. Morgan, Proc. Roy. Soc,, A, 1933, 148, 
38). The cyclic oxide obtained was readily reduced in solution in acetone by stannous chloride 
in hydrochloric acid, giving 9-p-tolyl-9-stibiafluorene (IV; R = R’ = H, R” «= Me). When 
this series of reactions was carried out with 2-amino-5-bromodipheny! and p-carbethoxypheny!- 
stibinous chloride, 3-bromo-9-p-carbethoxyphenyl-9-stibiafluorene (IV; K = Br, R’ « H, 
R” = CO,Et) was obtained in 30—35% yield. Hydrolysis of this ester provided an acid but 
unfortunately the alkaloidal salts were too insoluble for attempted resolution. Finally 
9-p-tolyl-9-stibiafluorene-2-carboxylic acid (IV; R = H, R’ « CO,H, R” « Me) was obtained 
from ethyl 2-aminodiphenyl-4’-carboxylate and p-tolylstibinous chloride. Alkaloidal salts of 
this acid also proved unsuitable for the resolution as they separated as sticky glasses or as 
mixtures of the free acid with the salt, and a-phenylethylamine was used as the resolving agent 
Even the a-phenylethylamine salts tended to dissociate in alcohol but this difficulty was over- 
come by crystallising the salts from alcohol containing a little of the free base. When 
(—)-a-phenylethylamine was used the least soluble salt proved to be that of the ( + )-acid and two 
recrystallisations of the first fraction gave pure (+)-acid—(—)-base, (a)}? + 180°1°, m. p. 164— 
165°. The use of the (+)-base gave the enantiomeric salt, (—)-acid—(+)-base, {a)}? — 1792”, 
and the resolution of 8 g. of the (+)-acid with (+)-base allowed the isolation of the pure 
(—)-acid—(+)-base, [«)[§ —180-1°, and (4+)-ncid-(+)-base, (a)? +2044°, m. p. 160-—163° 
Both diastereoisomeric salts crystallised as rosettes of fine needles and their melting points 
were too close to be of use in indicating the course of the resolution. Chloroform solutions of 
the salts were not optically stable and studies of the racemisation at 20° and at 40° showed 
abnormalities which have not yet been satisfactorily explained. The racemate isolated from 
solution was analytically pure. Isolation of the free acids was attempted initially by shaking 
the salts in chloroform solution with 4n-hydrochloric acid, the chloroform retaining no optically 
active product. When 2n-acid was used and the chloroform solution of the acid was examined 


(Iv.) 





3112 Campbell: The Configuration of 


polanmetrcally without removal of all the hydrogen chionde, rapid racemssation occurred and 
the half-life of the optically active acid at 20° was 30 minutes. By using 0-6~-hydrochioric acid 
and carefully washing and drying the chloroform, a solution of the acid having [a]? —246-4° 
was obtained and thie was optically stable at 20°. Kemoval of the solvent below 35° gave 
4 specimen of the acid, very sparingly soluble in chloroform and having (a)? — 216° (in pyridine) 
which was later shown to be optically impure. The pure acids obtained by precipitation from 
an alcoholic solution of the salt by addition of excess 0 Ix-hydrochloric acid had [a/f + 245° in 
pyridine and were optically stable at 20° and racemised at 40°, but too slowly for accurate 
measurement of half-life 

Hydrochloric acid was found to be unique in catalysing the rapid racemisation observed in 
the imitial efforts to obtain the (+)- and (-)-acids. The use of 4n-phosphoric or -sulphuric 
acid for the decomposition of the (— )-acid-(+)-a-phenylethylamine salt gave solutions of the 
acid in chloroform which showed no loss of optical activity at 20° unless, as frequently occurred, 
the sparingly soluble acid separated from solution. The solid acid isolated from such 
experiments showed slight racemisation when examined in pyridine ({a)f — 210° to — 220°) but 
was analytically pure. On the other hand, the inactive product from the hydrochloric acid- 
induced racemisation contamed chlorine, and results of carbon and hydrogen analyses were 
consistently low, indicating that addition of hydrochloric acid had occurred to some extent 
Of the three acids used to decompose the optically active salt only hydrochloric is appreciably 
soluble in chloroform. This may permit the conversion of Sb!" into a compound [R,SbH)}*Cl 
(though no definite compounds of this type have been isolated) and the diminution in the 
diameter of Sb’ may allow an imitially “ skew “" molecule to become planar with consequent 
loss of optical activity. The conversion of Sb!" into Sb’ by the action of hydrochloric acid 
would probably involve a change from a pyramidal to a trigonal bipyramidal configuration in 
which the three Sb-C bonds would be planar, so that the racemisation may be explained on 
either postulate 

If the optical activity of this stibiafluorene is due to the stable pyramidal configuration of 
the bonds of tervalent antimony, and the two benzene rings in the molecule remain co-axial and 
coplanar, examination of the ultra-violet absorption spectrum might be expected to show the 
presence of the characteristic dipheny! band at 252 mu. (c,., © 17,000) (Cookson and Mann, 
J, 1949, 2800). Dr. R. N. Haszeldine has examined the ultra-violet spectra of two of these 
compounds and finds that 9-p-tolyl-9-stibiafluorene has an absorption band, ),,,, 285-287 mp 
a 12,100), which may be the diphenyl band, reduced in intensity and shifted to longer 
wave-length, while ethyl 9-p-tolylstibiafiuorene-2-carboxylate has two bands, one almost 
comcident with that of diphenyl, A,,, 2525 my. (€,... 23,000) and a second at 
301°5-—202'5 mu. (eno. 21,000). The former may be the dipheny! band but its intensity is 
very great and the significance of the major band at 301°5 mu. is unknown. Ethy! dipheny!-4- 
carboxylate, examined for comparison, has ),,,, 271-—272 mu. (c,.,., = 21,000). The evidence 
for the presence of the dipheny! residue in the molecule is therefore indecisive, but it does not 
rule out a planar configuration for the tricyche system as the two benzene rings though coplanar 
may not be coaxtal 

A decision whether the asymmetry of 9-p-toly!l-9-stibiafluorene-2-carboxylic acid is due to 
the stable pyramidal configuration of tervalent antimony or to the twisting of the two benzene 
rings in the tricycle system must await the results of further work now in progress Resolution 
of symmetrnecally substituted 0-stibiafluorenes can only indicate a “ skew “ molecule, whereas 
non-resolution may imdicate a planar tricyche system and more precise information may be 
obtamable from X-ray examination of suitably substituted compounds 


EXPERIMENTAL 
Carben and hydrogen analyses are by Drs. Weiler and Strauss, Oxford M. ps are uncorrected.) 


2. Tnphenylyl-p-tolyistitene Trichlonde (11 Re R H, RK Me 2-Aminedipheny!l was 
prepared from 2-n1tredipheny! (Monsanto) by reduction with tron filings and acidulated water at 100 
and had m. p. 48.40° (85-80%, yield) after crystallisation from aqueous ethanol. 2-Aminodipheny!l 

in concentrated hydrochloric acid (25 c.c.) and water (80 ¢.c.) was diazotised with 

The filtered diarontum solution was added to antomony oxide (16 ¢.. 0-055 mol.) 

entrated hydrochloric acid (100 ¢.c.) at 10° and the precipitated double salt was filtered off, 
washed with tce<okd ethanol and added in small portions to p-tolyistibinous chloride (28 g., 0-1 mol.) in 
ethan 120 « Evolution of nitrogen started on the addition of copper bronze (0-5 g.) and the 
temperature rose spontaneously to J” Atter all the double salt had been added (0-5 hour) the reaction 
mixture was warmed to 40°, cooled, and filtered from a crystalline deposit (3-5 g.) of di-2-diphenylyl-p- 
tolyistitune dechloride (1; Ro « R’ « H, R” & Me) which crystallised from benzene in thick prisms, 
m. p. 228-230" (Pound: C, 63-3; H, #4; Sb, 205. C,,H,.ClLSb requires C, 63-1; H, 42; Sb, 
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20-6%). The filtrate from (1) was redaced in volume to 60 c.c. and gave, on cooling, a second of 
crystals (11-5 ¢.), m 150— 154°. One recrystallisation of this material from carbon 

gave pure 2-diphenyiyl-p-tolyletibone trichloride (11 ; Re R « H, Rk” “oa dn ke m. p. 153-154" 
(Pound: C, 48-1; H, 34; Sb, 256. C,,H,,C1,Sb requires C, 48:3; H, 34; Sb, 25-58%). The filtrate 
from (11) was evaporated to small bulk, dissolved in carbon tetrachloride, and extracted with dilute 
hydrochloric acid to remove inorganic antimony. From the carbon tetrachloride extract, toluene, 
diphenyl, and a small quantity of (11) were obtained. 


2-Diphenylyl-p-tolylstibinous Chloride (111; R =~ R° «= H, R” «© Me).-The trichloride (63 g.) was 
suspended im a mixture of ethanol (150 c.c.) and 3-5~-hydrochioric acid (30 c.c.), and stannous chloride 
(6 g.) was added. On warming of the mixture, a clear solution was obtained which clouded immediately 
and deposited 2-diphenylyl-p-tolylstibimous chloride as white needles, m. p. 94-05" (4-55 ¢.). A second 
fraction (0-55 g.) was obtained on addition of hydrochloric acid (50 c.c.) to the filtrate (Found . C, 56-8; 
* 3-0; Sb, 30-3. C,,H,.CISb requires C, 56-45; H, 40; Sb, 303%). Reduction of (I; R «= R’' = H, 
«= Me) (2 g.) occurred in ethanol (40 c.c.) cont a id O880, Bcc.) when 
och sulphide was passed into the hot mixture until a permanent yellow colour was obtained. When 
this solution was kept overnight (ice-chest) long —— separated, which, on recrystallisation from 
ethanol containing a little chloroform, gave ds-2-ds yg et 5g.).mp 150131" (Found ; 
C, Til; H, 47; Sb, 23-55. C,,H,,Sb requires has Sb, 23-45%) 


sik caneialaaas emeeedaanandee Trichlonide. —2-Amino-5-bromodipheny! was ed 
by the known method (/., 1927, 89) and obtained in 67%, overall yield with m. p. 56-58” after 
recrystallisation from light petroleum (b 40-60"), The diazonium chloride-antimony chloride 
double salt from 2-amino-5-bromodiphenyl be 8 g.) was added to p-carbethoxyphenyilstibinous chloride 
(34 g., OT mol.) (/., 1947, 8) in ethanol (160 c.c.) containing copper bronze (0-5 g.). Evolution of 
nitrogen slowed down after f hour, the reaction was completed by heating to 50°, and the solid which 
had separated was filtered off. Crystallisation of this solid from ethyl acetate gave di-5-brome- 
2-diphenylyl-p-carbethoxyphenylstibine dichloride (1; R = Br, R' ~ H, R” « CO,Et) (41 ¢), 
214-215 (Found C, 41; H, 32; Sb, 162. C,H,,0,Cl, Br Sb uires C, 402; H, 31; sh. 
15-1%) A second crop of crystals was obtained when the alcoholic filtrate was evaporated under 
reduced pressure and the residue (60 c.c.) was set aside overnight Recrystallisation of this crop from 
ethyl acetate gave 5-bromo-2-diphenylyl-p-carbethoxyphenylstibine trichloride (11; RK « Br, RK’ @ H, 
R’ CO,Et). m. p. 164-165" (141 g.), as small nodules (Pound: C, 41-6; H, 27, Sb, 10-4. 
C,,H,,0,C1, BrSb requires C, 41-4; H, 2-8; Sb, 20-0%) 


The corresponding p-tolyl compounds were prepared in a similar way when the double salt from 
2-amino-5-bromodipheny! (0-1 mol.) was added to p-tolyistibinous chloride (0-1 mol.) in ethanol 
(300 c.c.). The use of less than this volume of alcohol resulted in the separation of the di- and tri- 
chlorides as a mixture from which the individuals were isolated only after numerous recrystallisations 
from ethyl acetate. Di-5-bromo-2-diphenylyl-p-tolyistibine dichloride (1; re « Br, R' «= H, RY «© Me) 
crystallises from benzene in small prisms, m. p. 240-241" (4-8 g.) (Found 49-7 H, 34; Sb, 163 
,,H,,C1, Br, Sb requires C, 40-8; H, 31: Sb, 163%), and Soon S ciparmytyt P- tolylstibsme trichloride, 
m. p. 190 Tez" (il; R Br, R’ = H, R” = ae), separates from the same solvent as thick hexagonal 
lates (Found: C, 416: H, 28; Sb, 22-3. C),H,,Ci,BrSb requires C, 414; H, 27; Sb, 221%) 

eduction of (11; R Br, R’' & H, R” = CO, By (3 g.) in acetone (25 c.c.) with stannous chloride 
(3 g.) in 3-Sx-hydrochloric acid (20 c.c.) yields 5-bromo 2-diphenylyl-p-carbethoryphenylstibinous chloride 
(2-25 g.) which separated from ethanol as thick needies, m. p. 108° (Found: C, 46-3, H, 30; Sb, 22-8 
C,,H,,O,C1BrSb requires C, 46-5; H, 32; Sb, 22.6%). Similarly (11, RK = Br, R’ « H, R” «© Me) 
yields 5-bromo-2-diphenylyl p-lolylstibinous chloride, m P 0-141 (Found Cc, 47-7; H, 345; Sb, 
25-5. C,,H,,ClBrSb requires C, 47-5; H, 3-2; Sb, 25-3%) 


4’-Chloromethyl-2-nitrodsphenyl.—2-Nitrodipheny! (100 g.) was dissolved in acetic acid (150 c.c.), 
zinc chloride (68 ¢.) and paraformaldehyde (45 g.) were added, and a vigorous stream of gaseous 
hydrogen chloride was passed in at room temperature until the mixture was saturated. When heated 
at 80 90° with a continuous slow stream of hydrogen chioride passing in, the reaction mixture became 
homogeneous after an hour, but had separated into two layers after 12 hours’ heating. The cooled 
mixture was poured into water (2 1.), and the pale yellow oi! was extracted with ether. The ethereal 
layer was washed thrice with 10% aqueous potassium carbonate, then with water, and dried (Na,SO,) 
After removal of the ether the reaidue partly — The crystals (25 g.) were filtered off and the 
residue was distilled, yielding a first fraction, b. p. 136-140" /0-3 mm., of o-nitrodipheny! (37 g.) and a 
second fraction, b. p. 175—182°/0-3 mm. (28 g.), which crystallised Recrystallisation of this fraction, 
along with the crystalline material obtained before distillation, from ethanol-acetone or acetic ¥ ‘id gave 
4’-chlorvomethyl-2-mitrodiphenyl, m. p. 89°, as pale yellow elongated prisms (46 g.) (Found , 32; 
H, 3-7; N, 59. C,,H,O,NCI requires c 63-0; H, 41; N, 57%). 


2-Aminodiphenyl-4'-carboxylic Acid.—4'-Chioromethy!-2-nitrodipheny! (25 g., @1 mol.) was 
su in a solution of sodium dichromate (45 g., 0-15 mol.) in water (100 ¢.¢.), and sulphuric acid 
(100 g.) was added 4 No apparent reaction occurred on addition of the acid, but warming on a 
water-bath caused o: ton which was vigorous for a short time and was completed by 4 hours’ boiling 
under reflux. The cooled mixture was poured into water, and the precipitated acid was dissolved in 
4-5s-sodium hydroxide and filtered from unchanged chloromethyl compound (1 g.). Addition of 
prety nae eh denna eat see oll peng © 2-nitrodipheny!, m. p. 246—248° (22-7 ¢.). 

ee ah cannes m. p. 250° (Grieve and Hey, /., 1032, 1892). 
crude acid (10 g. in a solution of ferrous (140 g.) in water (120 c.c.), and aqueous 
ammonia (d 0- Jor Goce) was added, The mixture was boiled for 20 minutes, very vigorous stirri 
—— necessary to ae pert bumping. After . the mixture was filtered, the filtrate rejected, 

residue extracted with warm 10% sodium 1ydroxide solution. Acidification of this extract 
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ecipatated a little nitroacid which was fitered off, and > of crystalline sodium acetate to the 

trate gave 2-aminodipheny!-4'-carboxylic acud (5-7 g.), m 179° after crystallisation from aqueous 
alcohol of benzene (Found: C, 73-6, H, 52, N.73 Coal yO requires C, 73:2, H, 52; N, 66%) 
Acetylation of the sodium salt of the acid in 20%, aquevus sodium hydroxide with acetic anhydride, 
followed by acidification with b hlork ace gave 2-ecetamidodiphenyl-4 carboxyl acid, m p 253 
(Found C€, 707, H, 64; NL G1. C,H OWN requires C, 706; H, 61; N, 5-6%) 


Dv (4 -carbony- 2-diphenylyljatitinous §=CAloride.—-2-Aminodipheny!-4"-carboxylic acid (106 ¢., 
0-06 ond.) was dissolved in concentrated bydrochioric acid (25 c.c.) and water (75 c.c.) and diazetised 
with extium nitrite (956 ¢)}. The diazonsem salt crystallieed cut, was filtered off, dissolved im the 
maimem volume of ice-cold water, and added to « solution of antimony onde (8 ¢) in concentrated 
hydrochloric acid (75 c.c.). The doable salt was fitered off, washed with ethanol, and decomposed in 
ethanol (200 ¢.c.) (25 cc. of which had been saturated with hydrogen chloride gas) on addition of copper 
bronae (0-5 g The crude stibome acid obtained on pouring the reaction mixture into water was 
hitered off, dissolved in concentrated hydrochiortc acid, and reduced at 0° with stannous chloride. The 
stibinous chioride which separated when the solution was kept for an hour was dred on tile and 
recrystallised from carbon tetrachloride or benzene, and proved to be di-(4 -carbory-2-dophemyl yi) stabinows 
chloride, m. yp. 160-170", instead of the expected primary stibinous chloride (Found. C, 56-1; H, 3-55 
Sb, 21-7. C,.H,,O,CISb requires C, 56-6; H, 33, Sb, 221% 


Ethyl 2-Aminodiphenyl-4 -carborylate —Crude 2-nitrodipheny!-4'-carboxylic acid was esterified by 
boiling it ender reflux with ethanol contaming hydrogen chlomde, and the ester isolated by pouring 
the reaction mixture into dilute aqueous sodium carbonate. Kecrystallisation from ight petroleum 
(b. p. 40-00") gave the siro-ester as pale yellow prisms, m. p. 79-80" (Found C, 666, H, 49, 
N os H,,.O,N requires C, 66-4, H, 48, N, 52%). The crude nitro-ester (20 g.) was reduced 
with an oqual weight of iron hiings and actdulated water at 100° (2 hours) and extraction with hot ethanol 
gave ethyl L-anunodiphenyl-4 -carborylate (15-4 g.. 865%), which crystallised from aqueous alcohol in 
a of from carbon tetrachloride in elongated prisms, m. p 74° (Found: C, 749. H. 63. N, &6 

OWN requires C, 747, H, @3, N, &S%, Attempts to replace the amino-group tn the ester by 
seb, tt by the Bart-Schmidt reaction or by the modiied method of decomposing the diazonium 
antimony trichloride double salt un ethanol fasled 


2-4 -Carbethorydiphenylyl-p-tolyictibine Trichlonide (11, R H, RK’ CO,Et, R Me Despite 
the failure to oftaun the monoaryistibormc acid, the diazonmm-antimony chloride double salt from the 
base (0-1 mol.) reacted with p-tolyistibinous chioride (0-1 mol.) in ethanol (150 ¢.c.) (50 ¢.c. of which had 
been saturated with hydrogen chioride yielding a mixture (22 ¢.) of the triary!l dichloride and 
diary! tru hhuride When the reaction was carried out in the absence of hydrogen chloride, partial 
hydrolysis or alcoholysis of the trichloride occurred and a compound with an indefinite melting point 
and varying antimony content was obtaimed The mixture of di- and tri-chlondes was separated by 
bkling ethy! acetate in which the trichioride is soluble The insoluble fraction (4 g.), recrystallised from 
benzene, gave di-2-4 cartethonydiphenylyl-p-toiylstitane dichloride, m. p. 251-2525, as squat prisms 
(Found ‘ 7 HH 54 Sh, 16-7. ¢ stig! CLSb requires ¢ 65 H. 45 Sb, 16-6% 

Carbethorvdiphenylyl -p-tolyletihene trichionde (11 H.R COLRt. BK Me) was obtained 

hy! acetate in elongated prisms (16-9 ¢ oe. m. p. 151-152 (Found C, 488; H, 35; Sb, 
gli. Ci, Sb requires C, 485. H. 3-7; Sb, 224% Reduction of this compound in acetone 
th stannous chloride in dilute bydruchiors« acid gave 2-4 “carbeth sydiphenylyl-p-tolyistibsnous chionde, 
yetallised from ethanol in needles, m. p. 991" (Found Cc. Ss Hu, 44 Sb, 25-9 
wires C. O58, HH. 43> Sb, 26-74, The filtrate from the original separation of the 
chloride was evaporated and the residue disaalved in carbon tetrachloride and extracted 
wi actd From the organic layer there was obtained 4'-carbethoaydiphewylyl-2-stibinous 
bie p 155-156 (Pound: C. 43-1: H, 3-4; Sb, 20-1 C,,H,,O¢ LSb requires C, 43-1 
Sb, 20-1%,), and a sticky oil, from which no further crystalline material could be obtained 
p Tolyl @ stebsafluoreme Attempts to cycl I! K K H. R Me) by heating it at 
17h. 200° 0 1 mm. icf Morgan and Davies, Pr Rov. Su 4, 1930, 127, 1) or by heating it with 
aluminium chloride in benzene of in carbon disulphide failed The stibinous chioride (111: R R’ 
HesR Me) was regained unchanged after being kept at 100°/10-¢ mm. for | hour Heating (111) in 
benzene with aluminium trichloride (12 howrs) gave a small yield of crystalline material, m. p. 174—190 
' sation from light petroleum or carbon tetrachloride), which may have 
1 the benzene used as solvent, bet, as C. H, and Sb analyses were 
material was not further investigated. Cyclisation was finally effected through the 
ed from (11) in the following way 2-Diphenylyl-g-tolyistibine trichloride (5 g.) 
mixture of ethanol (100 « and acetone (50 « and added to crystalline sodium 
sm and the whole set aside overnight. The floceulent white precipitate of 
off and dried uum-desiccator for 48 hours. 2-Diphenylyl-p- 
' tained could not be satisfactorily crystallised and had an indefinite 
1s was trssalve 4 in freshly distilled acetrc anhvaricte (0 « contaming concentrated 


and the so m warmed to 98° and held at 90° for 10 minutes, cooled and poured 
he prectpatate obtained was filtered off after 2 hours, washed free from acetic acid, 
mixtare of the cycle stibine oxide and unchanged stibonous acid. Isolation of the 
1 from the mixture while the antimony was in the quinquevalent state — 


The motst precipitate was dissolved in a mixture of acetone (50 cc.) and 3-5n-hwdro- 

' achi (10 « and reduced by addition of stannous chloride (5 ¢ The solution clouded 
immediately. and after 2 howrs at O° the crystals which had separated were filtered off and recrystallised 
from dry ethanol, giving &p-tolyl-9-stidsafuoreme (TN k kK a Me) (3 «.) as fine needles, 
m p ie re one cc ao uo4 Sb, 33-5 ‘ yt, Sb requires C, 62-5 H. 41 Sb, 33 4%) 
Addition of 3. Ss -hydrochioric acid (25 ¢.c.) to the filtrate from the reduction gave (II!) (0-75 g.), m. p. 94°. 
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3-Bromo-0-p-carbethoxyphenyl-9-stitiafiuoreme (IV; R= Br, Rio « H, R” = CO,Et).—No ring 
closure occurred when ‘aepiatoms eaaerter TSG) tor Ie'hoors, bet © trichloride (3 g.) was heated in 
a (6 c.c.) with ——.s c ) for 16 hours, but the ester was hydrolysed to the 

acid, Mm. p (Found é 3093; H, 21 ce oH ,O.CL,Brsb requires C, 30-25; 
Hs 2-25 Reduction of on pe im acetone with ae chionde in dilute hydrochloric acid gave 
S-bromo-2-diphenylyl- p-carboryphenylstibsmows chloride, 170°, after gram wy. from ethanol, 
from which it separated as rosettes of needles (Found : “46, H, 23. C,,H,O,CIBrSb requires 
C, 447; H, 26%). The trichloride (11; RK = Br, KR’ « H, R” = CO,Et) (10 g.) was converted into the 
stibonous acid and hence into the stibiafluorene by the method described above for the thon of 
(IV, R = R' = H, R” = Me) except that the cyclising medium consisted of freshly illed acetic 
anhydride (100 ¢.c.) containing only | c.c. of po te nc sulphuric acid. Reduction of the cyclised 
product gave 3-tromo-9- ny me 1-9-stimafluorene (6 ) as thin tes, m 167° after 
crystallisation from ethyl’ dostate { | 7, H, 30 & a2 Ootag P », Hrs requires C, 
5-2; H, 32; Sb, 26-25%). The monochloride Ili; R = Br, eH, R oH (1-8 g.) was 
obtained by addition of excess of dilute hydrochloric acid to the filtrate from the reduction 
ester was hydrolysed by 5% alcoholic sodium hydroxide at the b. p. and om pouring the mixture 
into water the sodium salt separated It crystallised from boiling water in shining plates. 3-Bromo-9- 
ers a ng or -9-stabiafluorene was obtained by pouring a hot solution of the sodium salt into dilute 
ydrochioric acid, rm after crystallisation from acetic acid, had m 246248" (Found: C, 48-2; 

H. 24: Sb, 26-8. C,,H,,O,BrSb requires C, 48-1; H, 255; Sb, 25-794) 


3- Bromo-9-p- tolyl-9-stunafluotene Fas R « Br. R’ = H, R” « Me).—-Similar treatment of the 
stibonous acid obtained from II; Br, R’ «~ H, R” « Me) (5 g.) gave 3-bromo-0-p-tolyl-9-ctibis 
fuorene (2 g.), which crystallised a. ethyl acetate-ethanol in thick needles, m. p. 123-124" (Pound 
C, 5-1; H. 33; Sb, 27-1. C,,H,,BrSb requires C, 51-4; H, 3-2; Sb, 274%). The monochloride, 
m. p. 140-—141° (1-5 g.), was obtained on diluting the reduction medium with excess of hydrochloric acid 


2-Carbethory-9-p-tolyl--stibiafluorene (IV, Ro = H, R’ = CO,Et, R” = Me).—In this case, cyclisation 
of the stibonous acid required longer heating ‘and careful temperature control and it was essential to cool 
the reaction mixture to 0° before its addition to ice, otherwise elimination of antimony occurred and 
ethyl diphenyl-4-carboxylate, m. p. 44—-46", was obtained. The dry stibonous acid from (11; R « H, 
K CO,Et, R” Me) (10 g.) was dissolved in acetic anhydride (100 ¢.c.) containing concentrated 
sulphuric acid (1 ¢.c.), and the mixture held at 90° for 3 hours, cooled to 0°, and poured on crushed ice 
Reduction of the prec men oxide in acetone (40 c.c.) contaming 3-5n- hydro hioric acid (5 ¢.c.) with 
stannous chloride (10 g.) gave an immediate crystalline aration which was filtered after an hour at 0° 
and recrystallised from ethy! a giving 2-carbethory- Som tolyi- 2 stitnafluorene, as rosettes of needles, 
m. p. 136-137" (5-8 ¢.) (Found 60-45, H, 46, Sb, 27 all ,,O,Sd requires C, 60-4; H, 4-4 
Sb, 27-9% Hydrolysis with 5% ‘sicobalic potassium hydronide at the bp (0-75 hour) gave (+ )-2- 
carbory-9-p-tolyl-9-shbiafluorene, m. p. 208-209-5" (decomp.) after cry stalliaation from ethanol- 
chloroform or ethyl methy! ketone (Found: C, 58-8; H, 40; Sb, 206. C.H,,O,Sb requires C, 587 
H, 3-7; Sb, 29-8%). 


Resolution of the (4+ )-Acrd.—Alkaloidal salts of the acid proved unsuitable for optical resolution as 
they separated as glasses or as mixtures of the salt with free acid. Even the a-phenylethylamine salts 
used in the successful resolution tended to dissociate in solution in ethanol, aliowing the sparingly 
soluble acid to separate, but satisfactory results were obtained when twice the calculated quantity of 
base was used in the initia! preparation of the salt and a little free base was added in the recrystallisation 
of the various fractions the most successful resolutions were carried out as follows. The acid (4-1 ¢., 
0-01 mol.) was added to (—)-a-phenylethylamine (2-5 g., 0-02 mol.) in dry ethanol (40 c.c.) and warmed 
to « ser wap dissolution, filtered, and set aside. Fractions of salt were filtered off at intervals and, when 
no further salt separated, the solution was distilled under reduced pressure until the volume was 15 c.c. 
and allowed to crystallise. A second resolution was carried out under the same conditions, but with 
(+)-ephenylethylamine. The results are given in the following table. 


Fraction. Vol. of solution (c.c.}. Time of standing (hrs.). Weight (g.). a)». M. p. 
(—)-a-Phenylethylamine. 


20 31 35-6" 162” 
a4 0-85 659 150— 155 
20 100 35-5 162—167 


+)-a- Phenylethylamine. 
Fi+ 22 32 — 436° 160-— 162 
F2+ 26 0- +107-6 158—160 
F3+ 48 Os + O®1 15)-—155 
Fas 20 0-7 + 200 164-—167 


Two recrystallisations of Fl — from ethanol containing a few drops of (—)-base gave the optically 
pure (+)-acid- (—)- base (0-7 g.), m. p. 164—165", (alp +180-1° (Found : C, 63-5; H. 51, CygllgO,NSb 
requires C, 63-4; H, 49%). Recrystallisation of F2 — from ethanol in the absence of (—)-base gave the 
(+)-acid salt, [ay a 8° (Found: C, 63-6; H, 5-2%). Similarly two recrystallisations of Fl + from 

ethanol contaimmg a little (+)-base ES = re (—)-acid-(+)-base (05 g.), m. p. 163--165°, 
[aly —1792° (Found: C, 63-5; H, 5-0%). ly both diastereoisomerides were obtained optically 
pure in the resolution of 62 g. of (yack with 6 g. of (+)-a-phenylethylamine in 70 c.c. of absolute 
ethanol (see next table). 
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Vol. of solution (c<.). Time of standing (hours). Weight (g.). 
22 35 


25 
4s 
20 


Pure (~—)-actd-(+)-base (1-3 g.) was obtained from X1 after two recrystallisations and had [a)p 

1S”, m. p. 164-165", and one recrystallisation of X2 gave pure (+)-acid-(+)-base (1-4 g.), 
ap +2044", m. p. 160-163" (Pound: C, 628; H, 51%). A mixture of the two diastereoisomeric 
salts had m p. 168-160", Specific rotations of the salts (¢, ca. 0-5) were measured in AnalaK chloroform 
in Tim. tubes at room temperature. These solutions were not optically stable but racemised slowly at 
20°, reaching the specific rotation of the racemate in approx. 44 hours and at 40° in approx. 20 hours 
Further study of this racemisation is necessary as it is apparently abnormal 


In an initial attempt to obtain the optically active acid, 0-1 g. of a slightly impure salt was dissolved 
in 20 ¢.c of Analak chioroform at 20° (4) — 164-5") and decompmed by catraction with 4n-hydro- 
chioric acid (2 « Wee.) After bewg washed and dried (Na,SO,), the chloroform solution was optically 
inactive. Decomposition of 0- 1106 g. of the same salt with 40 c.c. of 2n-hydrochloric acid at 20° and 
polarimetric examination of the chloroform soluten immediately without washing or drying gave 
of — 1-60", which fell to zero in 34 hours (half-life period 30 minutes; 4, 6-0095 minute). The pure 
(~)eactd-( +) -base (0 1005 ¢ ) was decomposed in chioroform with 0-Gn-hydrochloric acid (2 x 20 c.c.) 
at 20° and the chloroform solution washed, dried, and made up to 20 c.c., giving aff —1-91", [al 

246-4" (if no loss of acid occurred during extraction). This solution was optically stable at 20° 
(overnight At 40° racemisation started but could not be followed to completion because acid separated 
from solution after Dhours The optically pure aciis were finally obtained by dissolution of the salts in 
absolute ethanol (1 ¢ in 20 ¢.¢.} and precipitation with @-In-hydrochioric acid. The gelatinous 
weeipitate of the ackl was filtered off immediately, washed thoroughly, and dried im vacuo, The 

tiowing table gives the properties of (+)- and (-—-)-2-carbory-9-p-folyl-¥-ctibiafluorene, m. p. 208° 
(lex omp ) 


af salt al acid 
EtOH, ¢, 0-25) pyridine, ¢, 025) 
+ iss ’ 
201-5 
isl 


Selutions of the optically active acids in dilute alkalis (0-IN-potassium or sodium hydroxide or 
sodium hydrogen carbonate) were faintly opalescent so that satisfactory polarimetric readings were not 
possible In pyridine (¢, O25) the aculs were optic ally stable at 20°, but at 40° very slow racemisation 
occurred, A solution (off + 1-23") of (+)-acid in pyridine, after 36 hours at 40°, had off +0-94 


To wavestigate the aced-catalysed racemisation, the ( —)-acid-({ + )-hbase salt (0-1008 ¢ ) was dissolved 
in Analak chieroform (20 ¢.c.) and shaken with 4n-sulphuric acid (2 « 20 ¢.c.). The chloroform 
solution, before being washed or dried, had Oy 230°. which remained unchanged for 2 hours. 
Thereafter solid ackd began to separate and further readings were impossible. Sumuilar treatment of the 
same salt (01057 ¢) in AnalaK chloroform (20 c.c.) with 4n-phosphoric acid gave off 228° which 
remained unchanged for 15 hours, when the same solution was shaken with 5x-hydrochloric acid (40 
©.¢.) and examined after 5 minutes it had aff —0-96° which fell to zero in 14 minutes. The chloroform 
solution of the inactive product was not washed with water, so as to avoxd decomposition of any 
hydrogen chiomde addition product, but it was dried (Na,SO,) and evaporated at 20° /10 mm. and the 
dry product was kept for 30 minutes at 10°10 mm. This product and the specimen previously 
obtained when using 2x-hydrochloric acid had C, 55-8, 56-1; H, 4-5, 41%, respectively; C,.H,,O,Sb 
requires C, O87) H, 3-7. and C,.H,,O.Sb.HC) requires C, 56-2; H, 36%. Both specimens contained 
chlorine (qualitative tests 


The author thanks the Chemical Society and Imperial Chemical Industries Limited for grants which 
defrayed the costs of chemicals and microanalyses respectively A gift of 2-nitrodiphenyl from 
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606. The Pigments of “ Dragon's Blood” Resins. Part III. 
The Constitution of Dracorubin, 
By ALexanper Ropertson, W. B. Wuatrey, and (in part) J. Yates. 


By degradation and synthesis = acid C,H yO OMe, an oxidation uct of 
dracorutan tormed along with draconol C,,H,,O,-OMe, has been shown to be ( --)-7-hydroxy-5- 
methoxyflavan-S-carboxylic acid (1V; ko rh. Their salt-forming and ea thots 
behaviour with boroacetic anhydride indicated chat the dihydric raconol and its ether 
contained a y-pyrone system of the |-hydroxyxanthone t pre eae ly, since draco 
acid 1s formed by the oxidation of draconol, the latter and its methy ether are chromono- 
flavans having formula (111; R = H) and (111; R = Me) respectively in which the C-methy! 

p may be in the 2- or the 4-position of the xanthone system. Dracorubin is represented 
y formula (1) and its salts by formule of the type (II; R = H) 

Synthesised from 5 7-dihydroxyflavanone by way of 7-benzyloxy-5-hydroxy-, 7-benzyloxy-5- 
methoxy-, and 7-hydroxy-5-methoxy-flavanone, 7 pee -5-methoxyfiavan has been converted 
into &- formyl- 7-bydroxy-5-methoxyflavan (XIII, ) the orientation of which is shown by 
reduction to 7-hydroxy-5-methoxy-8-methylflavan, synthesised unequivocally from 2: 4-<i- 
hydroxy-6-methoxy-3-methylacetophenone. Oxidation of the acetate (XIII; RK = Ac) 
followed by deacetylation of the product gave (+ )-7-hydroxy-5-methoxyflavan-#-carboxylix 
acid, resolved to give the ( —)-isomeride, identical with dracoic acid. The syntheses of 5: 7~<li- 
bydroxyflavan-6-carboxyhc acid and the dimethyl ether of its ester are described 

Attention is directed to the fact that the natural flavanone alpinetin is 7-hydroxy-5- 
methoxyflavanone 


In Part I (j., 1950, 1876) dracorubin was shown to be an anhydro-benzpyranol base 
Cy, H,,O;OMe and to give on oxidation a dihydric phenol draconol, the monomethy! ether of 
which was identical with a monohydric phenol obtained by the degradation of O-methy!l- 
dracorubanol (cf. Brockmann et al., Ber., 1944, T7, 279). Along with draconol there is formed 
an optically active monobasic acid, dracoic acid, which Brockmann ef al. (loc. cif.) claimed to 
be a keto-acid C,,H,,O, represented by a structure of the type (VII) in agreement with a 
partial structure derived for dracorubin 

In continuation of the studies on dracorubin described in Part I (loc. cit.) we have examined 
dracoic acid which we have found to be formed by the oxidation of draconol and to have the 
empirical formula C,,H,,O0,(OMe)-CO,H in accordance with that of its methy! ester. Further, 
dracoic acid, which is devoid of a carbonyl or C-methy! group (contrast Brockmann ef al., loc. ctt.), 
contains a hydroxyl group in the o-position to the carboxyl group, thus accounting for the 
intense ferric reaction exhibited by the acid and its ester. On decarboxylation the acid furnished 
a levoratatory, saturated, monohydric phenol Ph-C,H,O(OMe)-OH in which the undefined 
oxygen atom appeared to be present ‘n an ether system. From a comparison of the properties 
of this phenol with those of a number of hydroxychromans and hydroxycoumarans (see, ¢.¢., 
Robertson ef al., ]., 1936, 212; 1937, 1530, 1535; 1939, 921, 925) it seemed reasonably certain 
that the compound had a structure of the type (V) or (VI) *-—the presence of the phloroglucinol 
rather than a hydroxyquinol or pyrogallol residue was suspected by analogy with dracorhodin 
(Part II, /., 1950, 1882) and the natural anthocyanidins and because on fusion with alkali 
draconol gave a smal! amount of a product considered to be impure phloroglucinol 

Since only small amounts of the phenol from dracoic acid were available and because of the 
difficulty of effecting a stepwise gradation of compounds of the type (V) and (VI), the (+-)-7- 
hydroxy-5-methoxyflavan (V) was synthesised and from a comparison of its properties with those 
of the natural phenol it became clear that the latter compound was (— )-7-hydroxy-5-methoxy- 
flavan; this conclusion was supported by synthesis of the isomeric (+ )-6-hydroxy-7-methoxy- 
flavan (XII) which was readily distinguishable from (V). Consequently it seemed reasonably 
certain that dracoic acid was the (—)-isomeride of either the 6- or the 8-carboxy-derivative of 
the flavan (V). The (+ )-acid (IV; R «= H) was therefore synthesised and, except in its optical 
inactivity, was found to be indistinguishable from dracoic acid. The synthetic (+ )-methyl ester 


* In arriving at this conclusion we were guided by an earlier hypothesis (unpublished) that, in 
dracorubin and probably in the related colouring matters of the “ insoluble red" woods (at parent 
under investigation in these laboratories), the molecular structure is derived from the union of two C,, 
residues having the flavan carbon skeleton in which one or both moieties might contain a pyrylium ring 
Owing to the failure of dihydro-O-methyidraconol to form salts and in view of the formulation atlopted 
for dracoic acid by Brockmann ¢f al. (loc. cit.}, now shown to be erroneous, this hypothesis was not 
developed in Part I (loc. cit.) and the partial formula of the type (I), (III), and (IV) of that memoir were 
employed as they scp alee to fit best the experimental findings then available 

Clearly the structure developed for dracorubin in this memoir is only one of several types ines in 
this h ° A 
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(IV; RK = Me) had properties very similar to those of methy! dracoate and its melting point, 
which was shghtly lower than that of the latter compound, was not depressed on admixture with 
the natural derivative. The structure ([V; K — H) for dracoic acid was ultimately confirmed 
by resolution of the synthetic (+ )-isomeride (IV; K «— H) by means of its brucine salt, with the 
isolation of the (--)-7-hydroxy-56-methoxyflavan-8-carboxylic acid and subsequent conversion 
into the (—)-methyl ester. The identification of the natural and the synthetic acid was 
confirmed by a comparison of their brucine salts 

From an earlier observation that O-methylidraconol formed a hydrochloride unstable in 
moist air (unpublished work of Dr. Kalya Isarasena, lately of this laboratory) it seemed probable 
that this compound and the parent draconol contained a y-pyrone system. Further, the general 
properties, including colour, solubilities, ferric reaction, and resistance to fusion with alkali, 
except under drastic conditions, of O-methyldraconol were reminiscent of those exhibited by a 
l-bydroxyxanthone. In agreement with this draconol and O-methyldracono! have been found 
to form perchlorates and to behave with boroacetic anhydride in a similar manner to |l-hydroxy- 
xanthones (Robertson and Waters, /., 1920, 2239). By its oxidation to dracoic acid (IV; K = 
HH) draconol clearly contains the flavan system. Draconol and its O-methy! ether behave as 
saturated compounds and, therefore, when the empirical formula of draconol and dracoic acid 


RO OH 
Me , 


‘eT 3 


CHPh 
cH, 
MeO CH, (III) 
ROC 6 
~, 
Hor Sf CHP HO CHPh y ONCH-CH,Ph HO” OH 
' CH, CH, —CH, COPh 
Mets Ch, Met) CHMe-CO,H 
qv) (VL) (VIL) 


are taken into account, it is clear that the seven carbon atoms removed in this oxidation are 
present in a C-methy! benzenoid system, ¢.g., of the C-methylphloroglucinol type, jouned at two 
of its carbon atoms to the flavan residue. Further, this benzenoid residue contains the two 
phenohe hydroxy! groups of draconol present in the m- and not the o- or the p-position to each 
other, and it ia, therefore, united to the dracoiw acid residue by the oxygen and carbon atoms 
appearing respectively as the 7-hydroxyl and 8-carboxyl groups in this acid, Consequently, in 
agreement with their basic properties draconol and O-methylidraconol contain a l-hydroxy- 
xanthone resxiue and are respectively represented by the structures (II1; RK « H) and (III; 
K Me), in which the presence of the C-methylphloroglucinol residue rests on analogy with 
dracorhodin, This structure, in which the C-methyl group may be in the 2- or the 4-position of 
the xanthone residue, affords a satisfactory basis for a rational interpretation of the properties 
of draconol and its methyl ether and for the degradation of draconol to dracoic acid which 
takes place along the broken line in formula (111) 

Since draconol (III; R H) and its methyl ether (III; R Me) are obtained from 
dracorubin and O-methylidracorubanol!l respectively by the loss of the elements of acetophenone 
(Part 1, loc. cet.) with the simultaneous formation of the carbonyl and the |-hydroxy-group of 
the xanthone residue it os clear that dracorubin has either the structure (I) or the alternative 
structure in which the C-methyl group ts in the position marked *® in the anhydro-2-phenyl- 
benzpyranol residue. Further, the salts formed by dracorubin and the benzpyranol base 
O-methyldracorubanol have formule of type (IL; R « H) and (II; R « Me) respectively 

Henzrylation of the 5 7-dihydroxyflavanone (VIII) gave the benzyl ether (IX; R = H), the 
onentation of which follows from its intense ferme reaction and by anology with the formation of 
T-benayloxy-5S-hydroxy-2 > 2-dimethyichromanone (George and Robertson, j., 1937, 1535). 
Methylation of (IN. Ko H) yielded the ether (IX; K — Me) which on catalytic hydro- 
genolyms gave rise to 7-hydroxy-5-methoxyflavanone (X), identical with a specimen prepared by 
the less satisfactory method of Zemplen ef al. (Ber, 1944, 77, 99). Considerable difficulty was 
encountered in effecting the reduction of the flavanones of the type (X), employed in this 
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investigation, to the corresponding flavans. With hydrogen and a platinum catalyst (X) gave 
a minute amount of (V) accompamed by much resinous by-product and, when a palladium- 
charcoal catalyst was employed at 80-100", (X) was almost quantitatively converted into 
2. 4-dihydroxy-6-methoxy-$-phenylpropiophenone; with the latter catalyst reduction did not 
occur at room temperature. By Clemmensen reduction under the usual conditions (X) gave a 
resin but it was ultimately discovered that when the reaction was carried out at room temperature 
in a mixture of acetic and hydrochloric acid this flavanone gave an excellent yield of 
(+)-7-hydroxy-5-methoxyflavan (V) which closely resembled the natural phenol obtained by 
decarboxylation of dracoic acid. Similarly reduction of 5-hydroxy-7-methoxyflavanone (X1), 
prepared by the partial methylation of (VIII), gave rise to (4-)-5-hydroxy-7-methoxyflavan 
(X11) which was readily distinguishable from (V) and the natural (— )-isomeride. 

Apphecation of the’ Gattermann aldehyde synthesis to synthetic 7-hydroxy-5-methoxyflavan 
gave only one aldehyde which must have structure (XIII; RK = H) since on reduction by 
Clemmensen’s method it furnished 7-hydroxy-5-methoxy-8-methylflavan (XIV), identical 


CH,Pb-O 
; 


HO”) “CHPh HO” SoH 
wA An, \ JOOCH, 
Met) 
(XV.) 


OH we  CHPh ‘Of A> Hem 
) COCHCH’Ph AK, Row w H, 
mes 6 RO ch, 
(XV) (XVIL) (XVII) 


with a specimen prepared from 2: 4-dihydroxy-6-methoxy-3-methylacetophenone (XV) by 
way of the stages (XVI) and XVII). On oxidation with potassium permanganate in acetone 
followed by deacetylation of the product the acetate (XII1; R « Ac) of 8-formyl-7-hydroxy-5- 
methoxyflavan gave rise to the acid (IV; R < H), characterised by the formation of the methy! 
ester (IV; RK = Me) which by the methyl iodide-potassium carbonate method was converted 
into methyl! 5 : 7-dimethoxyflavan-8-carboxylate 

For comparison with the methyl ether of methy! dracoate, methy! 5 : 7-dimethoxyflavan-6- 
carboxylate was synthesised by the following method. 5: 7-Dihydroxyflavan was prepared by 
the reduction of the flavanone (VIII) and on carboxylation by the potassium hydrogen 
carbonate-glycerol method gave the acid (XVIII; R « R’ = H). Etherification of the methyl 
ester (XVIII; R = Me; R’ = H) of this acid furnished methyl! 5: 7-dimethoxyflavan-6- 
carboxylate (XVIII; R « R° « Me), the orientation of which, and hence that of the parent 
acid (XVIII; R = R’ = H), follows from the fact that it was isomeric and not identical with 
methyl 5 : 7-dimethoxyflavan-8-carboxylate obtained by the methylation of (IV; K «— Me) 
In agreement with this formulation it was found impossible to effect a stepwise methylation of 
methyl! 5 : 7-dihydroxyflavan-6-carboxylate and it is noteworthy that, as in the case of orcinol 
(J., 1927, 2196) and 3-(4 : 6-dihydroxy-o-toly!)butan-2-ol (J., 1949, 1563), the carboxylation of 
5 : 7-dihydroxyflavan gives the y-resorcylic acid type 

Note on Alpinetin —From the ethereal extracts of the seeds of Alpinia chinensis Roscoe 
Kimura (J. Pharm. Soc., Japan, 1940, 60, 151) isolated a flavanone C,,H,,O,-OMe, m. p. 223°, 
which gave 5: 7-dimethoxyflavanone on methylation. By the partial demethylation of the 
latter compound Rao and Seshadri (Proc. Indian Acad. Sci., 1946, 28, A, 213) obtained a mono- 
methy! ether, m. p. 101—102°, of 5 : 7-dihydroxyflavanone which they believed to be 5-hydroxy- 
7-methoxyflavanone, a conclusion now supported by the present synthesis of this compound. It 
is reasonably certain, therefore, that alpinetin, for which Kimura gave m. p. 223°, is 7-hydroxy-5- 
methoxyflavanone (X), m. p. 227°. 
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EXPERIMENTAL. 


Dracowe Acid (IV, K = H).—Draconol and dracon acid were prepared by the following modification 
of the method employed in Part I (fc. cit.) (of. Brockmann «4 al., lec. cit). A mixture of 
dracorubin (0-5 g ), 3s-aqueous potassium hydroxide (5 mi), and methanol (30 mi.) at 0° was treated with 
hydrogen peroxide (1 mi. of 100 vol.), kept at 0° for 3 days with occasional agitation, hitered, and acidified 
with 2n-sulphurkc acid. On being cooled a filtered solution of the solid (from 40 expermments) in methanol 
slowly waited dracenol (2-6-—3 g.) which on recrystallisation had m. p. 256° (decomp ) after softening 
at 18° followed by solidification 


The methanalic mother-hqoor from the crude draconol was concentrated in a vacuum, diluted with 
water (125 mi.). and extracted with ether (120 ml. « 2). The combined ethereal extracts were washed 
with 2n-acchiom hydrogen cart--nate (50 mi « 5), the combined washings were acidified with 2n-sulphuric 
acid, and the resulting precipstate was extracted with ether (100 mi. x 3). Evaporation of the dried 
extracts and crystallisation of the residue from methanol gave dracoic acid © 81-3 g.) in almost 
colourless needles, m. p. 167°. |a BF — 56-1" (¢, 1-0 in chloroform), readily soluble in benzene, moderately 
soluble in alcohol, and giving a violet-brown ferric reaction in alcohol (Found: C, 681, H, 56; OMe, 
#7. Cale. for CHM ,OvOMe: C, 680, H, 53; OMe, 10-3%) (cf. Brockmann ef ai., loc. cit., who give 
m. p 163.166 ? 54-1"). The acid ated from a little benzene in almost colourless, stout, 
rhominc priame, mp. 167° (Found. C, 683. H, 55, OMe,7-1%). Prepared by ethereal diazomethane, 
methyl dracoate tormed slender colourless prisms, m. p. 140°, and after repeated crystallisation from 
methanol, with or without bemg sublimed im a high vaceum, had m. p. 145", |a)ff — 80-5" (c, 1-0 in chioro- 
form), and gave a steel-blue ferric reaction in alcohol (Found Cc, #0, H, 61; OMe, 172 
CHO fOMe), requires C. 688, H, 57. OMe, 197%) (cf. Brockmann ef al., wno give m. p. 124°, 
\P 785"). This ester was apparently not readily racemised by heat and after having been kept at 
145.10" for 20 hours it sublimed unchanged in a high vacuum, having m. p. 145", (a F —80-0° (¢, 10 in 
chloroform) 


Henzote acid (8-5 g. from 40 g. of dracorulin) and methyl! benzoate (0-5 g.) were isolated from the 
aqueous- methanolic oxidation liquors after the isolation of crude dracoic acid 


A solution of dracotc acid (0-7 g.) in quinoline (10 ml.), containing copper bronze (2 g.), was heated 
under reflux in an atmosphere of nitrogen for 15 minutes, cooled, diluted with ether, repeatedly extracted 
with 2n-hydrochioric aced, washed with aqueous sadium hydrogen carbonate, dried. and evaporated 
Distillation of the residue on a high vacuum and crystallisation of the resulting glass-like distillate (0-5 g.) 
from benzene-light petroleum (b. p. 60-80°) of light petroleum contaiming a trace of methanol gave 
1 -Aydrosy-S-methoxyfavan in clusters of long slender, colourless needles, m. p. 05°, (a F — 11-5" (c, 1-0 in 
methanol), very readily soluble in ether, alcohol. or acetone and moderately soluble in benzene (Found 
C, 740, H. @4; OMe 114 C,H OfOMe requires C, 75-0, H, 63. OMe, 121%). Small yields of 
the same phenol were also obtained by sublimation of the acid at temperatures exceeding 180° with or 
without copper bronze or by heating the aced with boiling 20%, aqueous potasssam hydroxide for 1 hour 
Attempts to carboxylate this phenol under a variety of conditions were unsuccessful 


Derwatiwes of Draconol.—(a) On the addition of 60%, perchiorc acid (1 ml.) to a solution of draconol 
(0-2 g.) im acetic acid (2 mi.) the perchlorate quickly separated in bright yellow prisms, m. p. 206-208 
(violent decomp.) which could not be satisfactorily recrystallised (Found — Cl, 7 CyH,,O,O requires 
C1, 714%). Decomposttion of this salt with aqueous sodium hydrogen carbonate regenerated draconol 

(6) Prepared by method (4) the perchlorate of O-methyldraconol (Part 1, loc. cit.) was obtained in 
bright greenish-yellow prisms, m. p. 130-140° (vigorous decomp.) (Found: Cl, 69. C,,H,,0,,Cl 


requires Cl, 60%), which regenerated the free ether on treatment with water or aqueous sodium hydrogen 
carbonate 


(ce) The addition of a solution of boroacetic anhydride (0-1 g.) in acetic anhydride (2 ml.) to O-methyl- 
draconal (0-5 g.) dissolved in warm acetic anhydride (5 ml.) gave the boroacetic anhydride complex in 
short. bright lemon-vellow prisms, m p 296° (decomp). after having been washed with acetic anhydride 
and then ether and dried over sulphuric aced. Decomposed with water (5 ml.) containing methanol 
(2 mil.) om the steam-bath during 20 minutes, this compound (0-2 g.) regenerated O-methyldraconol 
Found | Cy. Hy, 72 C,H, O,BO-CO-CH,), requires C,,H,,O,, 76-5% 


Oxtdahon of Draconel.— (a) A solution of potassium permanganate (1 g.) in acetone (100 mi.) was 
added wradually to dracenol (0-5 g.) dissolved im acetone (100 mi.) during 4 hours, and 24 hours later the 
mixture was cleared with sulphar dioxide. After the removal of the acetone in a vacuum the product 
was isolated with ether and resolved by means of aqueous sodium hydrogen carbonate into unchanged 
Iracomal (40 mg.) and an ack! fraction. The latter was esterified with diazomethane, and the product 
separated by fractsonal sublimation into (i) a trace of methy! benzoate, (ii) a trace of a solid, m. p. 124°, 
and (ii) methy! dracoate (20 mg.), identified by comparison with an authentic specimen 


Chromic oxide (0-5 ¢.) was added to a solution of O-<iiacetyidraconol (Brockmann ef al., loc. cit. ) 
®5¢.) in boiling acetic acid (15 mi After having been kept at room temperature for 24 hours the green 
mixture was duuted with water (30 ml), and the buft-coloured solid collected and crystallised from acetic 
acl. giving a compPewnd in almost colourless needles (0-1 ¢ m. p. 250°. ins tuble in aqueous sodium 
hydroxide and having a negative ferric reaction (Found C. 67-6: H. 445. ¢ wH,O, requires C, 66-9; . 
oa” The synthetic favanones described in this memuir do not give diagnostic carbonyl derivatives and 
in accordance with the possitulity that it is a complex y-pyronoflavanone derived from draconol by the 
oxidation of a methylene group this compound did not form ap oxime or 2. 4-dinitrophenythydrazone 

7. Hydrory.5 methoryflaranone (X) A mixture of phleroglucinol (15 ¢ ), cinnamoy! chloride (16-8 g.), 
alaminivam chloride (17 ¢.), and nitrobenzene (50 mi.) was kept at room temperature for 24 hours and then 
poured on we (24) g ) and concentrated hydrochloric acid (100 m! The product and nitrobenzene were 





[1950] The Pigments of “ Dragon's Blood” Resins. Part III. 3121 


isolated with ether, the nitrobenzene removed with steam, and the residual solid extracted with warm 


of aluminium oxide, the column was wash 
ea dn being bapt 
. 197-108", aa oeet ene : 
20. H,48. Cale. forC Me Cc, 73 4-7%) (cf. Shinoda and Sato, /. Pharm. Soc. Japan, 1028, 
48, 791, who give m. P 


A mixture of 5 sdadeneiae vanane 0 Bd. 38 ae nee Se eae ee 
um carbonate (10 g.) was On isolati a the mer om he 
flavanone (IX; K @ |W fag eae pare om ght petoium, formin clusters of 
lar prisms, on ave an intense red ferric reaction in aleohol (Found : C, 76-1, H, 53. 
Call ag, requires C. Nes: H, 52%). myer em mage ty wey (14-2 g.) with moth! ee .) 
in'bolling acetone (@00 mi.) contelning carbonate (20 g.) was complete in 15 hours 
resulting 7-bencylory-5-methoxryflavanone (LX; K = Me) formed clusters of colourless needles, m. p. 134— 
135°, from light petroleum (b. p. 60-80"), having a negative ferric reaction (Found: C, 768; H, 5-7. 
C,,H,.O, requires C, 76-7; H, 56%). Debenzylation of this compound (! g.), dissolved in acetic acid 
(50 mi.), with hydrogen and palladium-< (from 0-5 g. of charcoal and 0-1 g. of tum chloride) 
gave 7-hydroxy-5-methoxyflavanone (X) which formed colourless needles, m. p. 225°, from methanol 
(Found: C, 710; H, 52 Cale. for C,.H,,0,: C. Til; HM, 52%), undepressed on admixture with 
a@ specimen, m. p. 227°, obtained from 2: 4-d thydroxy 6 methox yacetophenone in poor yield by the 
method of Zemplen “tal (loc. cit.), who give m. p. 217 


(+)-7-Hydroxy-5-methoxyflavan (V).—(a) Amalgamated zinc (from 10 g. of zinc dust), which had been 
washed with water and acetic acid (twice), was added to a solution of 7-hydroxy-5-methoxyflavanone 
(1 g.) in acetic acid (40 m1), followed by concentrated hydrochloric acid (5 ml.), with cooling of the mixture 
for 10 minutes in tap-water 24 Hours later the solution was decanted, and, after beimg diluted with 
water until slightly turbid and seeded with a few crystals of the (—)-flavan, deposited the (4 )-faren 
(0-8 g.) in colourless needles, m. p. 92°, which on recrystallisation from benzene—light petroleum was 
obtained "3 long, slender, glistening needles, m_ p. 96", having a negative ferric reaction (Found : C, 74-9; 
H, 64. €,,H,,O, requires C, 750; H, 63%). The solubslities of this compound were identical with 
those of the (—)-isomeride, m. p. 95°, and a mixture of the two compounds had m. p. 90-02" 

(b) Reduction of 7-hydroxy-i-methoxyflavanone (0-5 g.), dissolved in acetic acid (125 mi.), with 
hydrogen and a platinum oxide catalyst (100 mg.) yielded a product which did not crystallise. Sublim- 
ation of this in a high vacuum at 140° 0-001 mm. gave a smal! amount of a colourless g and a resinous 
residue. Crystallised from benzene light petroleum, the sublimate gave 7-hydroxy-5-methoxyflavan in 
colourless needles (20 mg.), m. p. 04°, undepressed on admixture with specimen prepared by method (a) 


When the platinum oxide was replaced by palladium-charcoal hydrogenation occurred at 80— 100° 
giving an almost theoretical yield of 2: 4-dibydroxy-6-methoxy-§-phenylpropiophenone. This com- 
pound formed colourless slender needles, m. p. 192°, from methanol, having an intense violet-brown ferric 
reaction in alcohol (Found : C, 71-2; H, 53. Cale. forC,,H,,O,: C, 71-1; H, & 2%) (ef. Zemplen et al., 
loc. ctt., who gave m. p. 189") 


5-H ydroxy-7-methoxyflavan (X11).—Methylation of 5: 7-dihydroxyflavanone (1 g.) with potassiom 
carbonate (1 g.) and methy! iodide (0-4 ml.) in boiling acetone i mil.) for 2 hours gave 5-hydroxy-7- 
methoxyflavanone (X1), which formed almost colourless plates (1 m. p. 100°, from methanol, as 
an intense red ferric reaction in alcohol (Found : C, 70-8; H, 51 ake for C,.H,,O,: C, 71-1, H, 52% 
This compound appears to be identical with Rao and Seshadri’s product, m. p 16102" (Prox Indve 
Acad. Science, \ , 3. A, 213) 





Reduction of 5-hydroxy-7-methoxyflavanone (0-25 g.) with amalgamated zinc dust 3 ) in a mixture 


of acetic acid (25 ml.) and hydrochloric acid (5 mi.) at room temperature gave 5-Aydrory-7-methoryflavan 
(0-2 g.) which separated from light petroleum containing a little methanol in colourless plates, m. p. 148°, 
having a negative ferric reaction (Found : C, 75-1; H,@1. (C,.H,,O, requires C, 75-0; H, 63%) 


5 7-Dihydroxyflavan.—Prepared by the method employed for its 7-methyl ether, this favan formed 
tiny colourless needles, m. p. | , from benzene, and had a negative ferric reaction in alcohol (Pound : 
C, 747; H, 60. C,,H,,O, requires C, 74-4; H, 5-8%). 

5 : 7-Dikydroxyflavan-6-carboxylic Acid (XVIIL; R «= R’ « H).—-An intimate mixture of 5 >: 7-di- 
hydroxyflavan (1 g.), potassium hydrogen carbonate (10 g.), and glycerol (125 mi.) was kept at 140° for 6 
hours in an atmosphere of carbon dioxide. A solution of the cooled reaction mixture in water (200 ml.) 
was extracted with ether (75 mi. « 3) to remove phenolic material, and acidified with concentrated 
hydrochioric acid. Crystallisation of the resulting precipitate (0-7 g.) from aqueous methanol and then 
from benzene-ethy! acetate gave 5 7-dshydroryflavan-6-carborylic acid in short colourless needles, m 
ee 179° (decomp.), having an intense blue-violet ferric reaction in alcohol (Found: C, 67-1; H, 50 

Cy.H,O, —_— 67:1; H, 48%). Prepared with ethereal diazomethane, the methyl ester (XVIII; 
R = Mie’ ~ H) ted from “methanol in rosettes of colourless silky needles, m. p. 100° (Found 
Cc, 67-9; H, "ee. C,,H,,0, requires C, 68-0; H, 5-3%). 


Carboxylation at 160° gave only a trace of acid, and unchanged phenol could not be isolated. 


On methylation by the methy! iodide-potassium carbonate method during 6 hours methyl 5° 7-di- 

way marten oe fea sac gave a quantitative yield of methyl 5. 7-dimethosyflavan-6-carboxylate 

wtih opened loon methanol in long, slender prisms, m. p. 95° (Found: C, 60-5; H, 6-2 
Boag ay me ate H, 61%). 


; neta in dee (XV).—In p oumpatens with the earlier method of 
Curd and Rovertexa (J 1 1173) this ketone is more accessible by the following route. The interaction 








3122 ©The Pigments of “ Dragon's Blood” Resins. Part III. 


of 2) 4-dihydroxy-6-methoxyacetophenone (2 g.), hydrogen cyanide (5 mi), and zinc cyanide (1 g.) in 
ether (250 mi.) saturated with hydre chloride gave a crystalline product which was isolated 24 hours 
later. A solution of this in water (250 mil.) was r ly heated to boiling and allowed to cool, giving 
Sformyl2 4-detydrory-6-methosy. henone which formed almost colourless, tiny prisms (1-5 g.), 
m. p. 134°, from methanol or alcohol (Pound: C, 562; H, 50. C,,H,.O, requires C, 57-1; H, 48%) 
This aldehyde, which had a red-brown ferric reaction, gave a 2: 4-dinitrophenylhydrazone, forming 
orange needles, m. p. 291-203" (decomp), from much acetic acid (Found: N, I¢1. C,,H,O,N, 
requires N, 144%) 


A solution of the foregoing aldehyde (1-5 g.} in methanol, containing amalgamated rnc (8 g.), was 
mixed with concentrated hydrochloric acid (10 mi.) and water (5 mi.) and warmed slightly. 3—4 
Minutes later the reaction mixture gave @ negative reaction with 2: 4-dinitrophenyihydrazine sulphate, 
and the liquer was immediately decanted and diluted with water, giving 2) é-dihydroxy -6-methoxy -3- 
methylacetophenone (0-9 g.).m p 222°. This compound separated from methanol in almost colourless 
stender newdles m. p. 225° (Found: C, 63-4; H. 63. Cale. for C,,H,,O,: C, 61-2, H, 61%), and on 
methylation by the methyl todide —potassium carbomate method gave 2-hydroxy-4 6<dimethoxy-3 
methylacetophenone, mp. 141-142" (Card and Robertson, /., 1033, 437 


1-Hydrosy-5-methoxry-8-methy/flavanone (XVII) —A mixture of 2. dihydroxy -6-methoxy-3-methy! 
acetophenone (1 g.), benzaldehyde (1-9 g). alcohol (10 mi.), and 60%, aqueous ——- hydroxide 
(16 mi) was kept at room temperatare for 24 hours, diluted with water, and acidified with 2n-hydro- 
chiortc ackd. Crystallised from methanol, the precipitate gave 7-Aydroxy-5- methory- methylflavanone in 
colourless prisms (0-5 g.), m. p. 213°, having a negative ferric reaction in alcohol (Found: C, 724, H 
68 C,,H,.O, 5 ge , 719; H, 56%) Concentration of the methanolic mother-liquors furnished 
a small amount of the correspomding cAalaone which formed pale yellow prisma, m P 213°, having a 
violet-brown ferric reaction in alcohol (Found: C, 71-9; H, 57%). Admixed with the flavanone, this 
compound melted at about 200 


1-Hydrory 5-methory Smethyif_acan (XIV (a) A mixtere of 7-hydroxy-5-methoxy-#methy!l 
flavanone (035 ¢), amalgamated sinc (7 g.), acetic acid (25 mi), and concentrated hydrochloric acid 
(45 mil.) wae kept for 15 hours, and the decanted solut#m was dilated with water. Crystallised from light 
petroleum (b P i). 80°) containing a little methanol, the resulting precipitate (0-3 g ) gave T-Aydrory-5- 
methory-&- methyl favan in colourless stout prisms, m. p. 120°, having a negative ferric reaction in alcohol 
(Pound C.765. H,68. C,,H,.O, requires C, 75-6, H, 67% 


(6) Interaction of 7-hydroxy-5-methoxyflavan (1 ¢.) and hydrogen cyanide (5 mi.) in ether (150 ml 
saturated with bydragen chiorule, for 24 hours gave a small amount of a crystalline aldimine The 
residue left oa evaporation of the ethereal reaction mixture was dissolved in ice-water (75 mi.) and the 
siution heated om the water-bath for 5 minutes, giving §-formyl-7-4ydrory-5S-methosyfaven (XIII 
K H) (@7 ¢.) which formed massive colourless prisms, m. p. 128° (from methanol), having a violet 
brown ferric reaction in alcohol (Found: C, 71-0, H, 57. C,,H,.O, requires C, 71-9; H, 56%) 
small amount of the same compound was obtained by the hydrolysis of the crystalline aldimine. Crystal) 
lised from much acetic acid, the 2 4-dimitrophenyihydrasone formed slender crimson needles, m. p. 254° 
(decomp) (Pound N, 110 C,H ON, requires N, 121% 


The reduction of §&-formy!l-7-hydroxy-5-methoxyflavan (0-2 g.) with amalgamated zine (5 g.) in a 
mixture of acetic acxd (25 ml.) and concentrated hydrochloric acid (5 mi.) was complete in § hour The 
resulting 7-hydroxy-5-methoxy-S-methyiflavan separated from light petroleum containing a littl 
methanol in stout prisms, m. p. 120°, ilentical with a specimen prepared by route (a). Prepared by either 
route, the flavan rapidly becomes pink on exposure to atmospheric oxygen 


7 Hydrory &-methoryflavan-§carborylec Acid (1V K H Acetylation of S-formyl-7-bydroxy-5 
methoxyflavan (1 g.) by the pyridine method at room temperature during 24 hours gave the aceiaic 
(Atl. KR Ac) which separated from light petroleum-benzene in stout colourless prisms or from 
methanol in rosettes of prieme (1 g.), m. p. 120 (Found C, 700: H.S6. C,,H,.O, requires C, 60-9; H 
56%) having « negative ferric reaction and readily reacting with alcoholhc« 2 4-dimitrophenyihydrazine 
sulphate Potassium permanganate (1:5 ¢), dissolved in water (40 mi was added during | hour to a 
solutoon of this acetate (1 ¢.) in acetone at 40° and 12 hours later the mixture was decolourised with 
sulphur dioxide, the acetone was evaporated in a vacuum, and after the addition of a little 2~-sulphurix 
acid the residual liquor was extracted with ether (75 ml. x 4 The acidic oxidation product was 
separated from the comtuned ethereal extracts with aqueous sodium hydrogen carbonate (25 ml. « 3 
Ac uiincation of these washings and isolation of the product with ether (75 mi. « 3) gave crude T-acetoxy 
S.methoxyflavan-#-carbexyviic acid as a pale yellow glass (0-6 ¢) which had a weak ferric reaction in 
sicohal, Deacetylation of this compound with 10%, aqueous potassiam hydroxide (10 ml.) during 

rise to 7-A4vdronry-5 mefhoryvtaven-S-carborylic acted (03 ¢ forming almost colourless 

p. 167°, from methanol (Found: C, 67-0; H, 54. C,,H,.O, requires C, 680; H 
properties, meclading the ferric reaction, of this acid are identical with those of dracoic acid 
{ the two compounds melted at 167 Prepared with ethereal diazomethane, the methyl 
ed from methanol im lourless prisms, m. p 130°. which sublimed unchanged in a high 


669 HH. S68 C.H,O, requires C, 68-8, H, 5-7% This ester had the steel-blue 


ferry: react ihited by methy! draceate and on admixture with this compound, m. p. 145°, melted 
at 136-138 


(mm 1 . ry the methyl! uxtide-potasstum carbonate method methyl! 7-hydroxy-5-methoxy 
flavan-§ rtwen turing 6 hours gave an almost theoretical vield of methyl 5 - 7-dimecthoxryflavan-&- 


a” tvia riess needies. m. p. SS°, from aa 


g on yoeous methanol and having a negative ferric 
reaction (Pua 60-5: HL. @2. Cy HO, requires C, 60-5 H, 61% Mixed with methyl! 5 : 7-di- 
methoxyflavan-6 carboxylate this ester melted at about 70 





[1950) Reactions of Ethylene Oxides. Part V. 


( —)-7-Hydroxy-5-methoryfavan-S-carborylc Acid (IV; R = H).-—A solution 
methoxyflavan-8-carboxylic acid (250 mg.) and brucine tetrahydrate (400 mg.) in 
(2 mi.) and methanol (15 mi.) was inoculated with a small of the 
4 Hours later the product, which had ted in rosettes of colourless prisms (100 
(decomp.), (a Ff —46-3° (c, 0-95 im acetone), was collected and washed with methanol. 
this salt im acetone (5 mi.) with 2x-hydrochlone acid followed the addition of water (5 mi.) gave 
(~)-7-hydroxy-5-methoxyflavan-#-carboxylic acid, m. p. 165°, was esterified by diazomethane 
Punhed from methanol, this ester formed long. slender, ectateantlion on. p. leo" 

a specimen of methyl! dracoate, [a —74-0° (c, 0-19 in chloroform) 

The brucine salt of natural dracoic acid was 
and brucine tetrahydrate (250 net jin acetone a 
— acetone, the comp “ty: in 

134° (decomp.), «lf 6 (ec, 055 m acetone) (Found : 
‘HON, C,,H,.0,2H,0 requires C, 65-7; H, 61, N, 39%) 
poe from the synthetical acid and a mixture of the two compounds had m p. 134° (decom). 
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607. Reactions of Ethylene Oxides. Part V. The Interaction of 
Alkali Cyanides with Epichlorohydrin. 


By C. C. J. Cutvewor, W. Davies, and F. G. Harey. 





In the above reaction a 65% yield of »-chloro-§-hydroxybutyronitrile (IV) is rapidly 
produced when the alkali formed is continuously neutralised. The main products in the 
absence of neutralisation are 2 | 5-dicyanomethy!l-1 : 4-dioxan (111), and iny y- hydroxy- 
crotononitrile (V), which readily cychses with alkali to give unstable uni 2-aminoturan 


Pazscuxe (/. pr. Chem., 1870, [ii), 1, 97) and Hartenstein (ibid., 1873, (ii), 7, 297) condensed 
potassium cyanide and epichlorohydrin to produce “ epicyanohydrin " (Sy-epoxybutyronitrile) 
(I), m. p. 162-163", hydrolysable by hot mineral acid or alkali to form the corresponding 
“2: Sepoxybutyric acid ” (Sy-epoxybutyric acid), m. p. 225°. The stability of the acid and 
the high melting points of both products make the above formula unlikely, though their Raman 
spectra have nevertheless been measured in good faith by Ballaus and Wagner (Z. physihal. 
Chem., 1940, 45, B, 272). It is to be expected that the reaction of epichlorohydrin with 
potassium cyanide will be analogous to that with sodium toluene-p-sulphinate (Culvenor, 
Davies, and Savige, /., 1949, 2198) of which the first product is the chlorohydrin, I-chloro-3-p- 
tolylsulphonylpropan-2-ol. However, if the alkali produced in the reaction is not continuously 
neutralised, the unsaturated alcohol 3-p-tolylsulphonylprop-2-en-1-ol (II) is rapidly formed in 
the cold, and this is dimerised by further alkali treatment to give 2 : 5-di-(p-tolylsulphonyl- 
methy!)dioxan 


CN-CH,CH(OH)CH,Cl —> es pee >» CNCHICH-CHLOH 


(Iv) (I) is aaltee (v.) 


CH CH CHEN ok 
p-Me-C,H,SO,-CH:CH-CH,-OH =. [{ ag ] 
itm : CN-CH,CH- Re Ao ae 


(I11.) (V1) 


ar HyC—-CO, Bt “HCN 
(HO-CMe, CH yCH/(CN)-CO,Et) _—> Met & NH, [ Hon | 
oOo i] 


(VIL) (VIL) (IX.) 


Experiment has largely justified this analogy between the reactions of potassium cyanide 
and sodium toluene-p-sulphinate. A molecular-weight determination has shown that the 
“ epicyanohydrin “ is 2 : 5-biscyanomethyl-1 : 4-dioxan (III), hydrolysable to the corresponding 
diacetic acid. The correct structure of these compounds has also been shown by van Dormael 
(Bull. Acad. roy. Belg., Cl. Sci., 1942, (v), 28, 501; see also Legrand, Bull. Soc. chim. Belg. 
1944, 53, 166), these war-time publications not yet being available in Australia. The chloro- 

9o 
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bydrin, y-chioto-$-bydroaybutyrontrile (TV) is the first product, and this has previously been 

(van Dormael, loc. ef) by interaction of epichiorohydrin and hydrogen cyanide 
(Hormann, Ber, 1870, 12, 23; Lespieau, Bull. Soc. chim, 1905, iui), 33, 466), preferably with the 
addition of potassiom cyanide crystals as catalyst (Rambaud, sbid., 1936, |v), 8, 138). These 
prolonged processes involving the use of anhydrous hydrogen cyanide are much less practical 
than the present method of using alkah cyanide m neutral aqueous solution, whereby a 65% 
yield of (1V) is rapidly formed. This easy preparation of (IV) makes its reactions and derivatives 
of itaportance from the synthetic point of view. On the one hand, dehydration with phosphoric 
oxide (cf. Lespieau, loc. cit.) yields y-chlorocrotononitrile, itself a valuable synthetic reagent 
(cf. Jones, O'Sullivan, and Whiting, /., 1949, 1415). On the other hand, (IV) is converted by 
alkali into the unsaturated alcohol, y-hydroxycrotononitrile (V), which is remarkably reactive 
and unstable 

The present work confirms the difficulty encountered by van Dormael (loc. cif.) in preparing 
4 pure specimen of (V). He succeeded im obtaining a satisfactory (still rather low) analytical 
value for nitrogen only after fourteen distillations and six crystallisations, and attributed this 
low value to the tendency of the compound to hydrate during the manipulations. The explan- 
ation is now advanced that the instability is due to cyclisation to the notoriously unstable, still 
unisolated 2-amimofuran (VI), which readily evolves ammonia. This change is facilitated 
by the «xlium hydroxide. The presence of a primary amine in a freshly prepared specimen of 
(V1) (made wia (V) from (TV) and alkali) is shown by the carbylamine reaction, and its aromatic 
nature is proved by diazotisation and coupling reactions. This conclusion, though not supported 
by the isolation of pure derivatives of (V1), is im agreement with the properties of the few known 
aminofurans (dan. Reports, 1939, 36, 311; Marquis, Ann. Chim. 1905, (wii), 4, 231; Singleton 
and Edwards, J. Amer. Chem. Soc, 1938, 0, 540; Stevenson and Johnson, tid., 1937, 59, 
2525) 

Perhaps the closest recorded analogy to this cyclisation is the production of (VIII) from 
(VIL) (not isolated), which is formed from the imteraction of tsobutylene oxide and ethy! cyvano- 
acetate (Glickman and Cope, sbid., 1945, 67, 1012). The sulphur analogue of (VIII) is similarly 
formed from isobutylene sulphide (Snyder and Alexander, sbid., 1948, 70, 217), but in the 
present work failure met attempts to prepare the unstable 2-aminothwphen (the analogue of 
VI) by starting with chioropropylene sulphide instead of with epichlorohydrin 

With regard to the conversion of (1V) into (V) by means of alkali, van Dormael postulates 
the intermediate formation of 2-cyanocyclopropan-l-ol (IX). A probable intermediate, how- 
ever, is the ethylene oxide (1), where a hydrogen atom on the carbon a- to the cyano-group 
would be expected to be active enough to react intramolecularly in the same sense that ethyl 
cyanoacetate reacts intermolecularly with ethylene oxides. This view is supported by the 
dearth, in the literature, of authentic ethylene oxides containing a strong electrophilic group 
on the carbon atom attached to an ethylene oxide ring (as I), and oxides of this type containing 
a sulphone group which have been prepared in this Department (unpublished work) are 
characterised by extreme instability and easy conversion into the unsaturated alcohol 


EXPERIMENTAL 


Interaction of Epuchlorohydrin and Alkali Cyanides.—(a) In non-neutralised solution. A solution of 
eprchiorohydrin (48 g.) and sodium potassium cyanide double salt (30 g.) in water (120 c.c.) was stirred 
at ordinary temperatures, and the reaction which slowly developed controlled by cooling After 
3 hours, the dark red, strongly alkaline solution was filtered, and the white 2. 5-biscvanomethyl-1I : 4- 
dionan (111 «.) collected and crystallised from alcohol in lustrous plates, m. p. 166—167° (Found 
Cc, s78 N. 169. M (Rast), 148,178 Cale. for CHOWN, C, 57-5, H, 60; N, 16-59%; 
wsi66 } was refluxed (30 minutes) with concentrated hydrochloric acid (6 c.c.) and yielded 
brilliant needles (06g). m. p. 228° (Found : ¢ 470, H. 55. Cal. for C,H,,0,: C, 47-1; H, 5-9%). 
The m. p. agrees with that (225°) recorded by Hartenstein (Joc. est.) for “ 2: 3-epoxybutyric acid.” 


The aqueous alkaline filtrate from 2) 5-biscyanomethyl-1  4-dioxan gave, after continuous extraction 
with ether, a water-soluble oi! containing a small amount of y-chioro-@-hydroxybutyronitrile (IV), b. p. 
134 136° 13 mm... but consisting essentially of impure y-hydroxycrotononitrile (V), b. p. 119— 
120° 13 mm, 103° tf mm. (Pound, om day of distillation: N, 12-1, after six weeks in « well-stoppered 
glass bottle N_ 106. Cale. for C,H,ON: N, 16-90% 


b) Js mewtral solution To a continuously stirred solution of epichlorohydrin (30 g.. 0-31 mol.) in 
alcoho! (65 ¢ « ) comtaining a few drops of thymol-blee, sxium potassium cyanide double salt (19 g., 
© 33 mol) in water (75 ¢.c ) was gradually added, with cooling, during 30 minutes. Neutrality was 
maintained throughout by the dropwise addition of standard dilute acetic acid and for an additional 
3) minutes after all the cyanide had been added. The solution was set aside for an hour, neutralised 
again if necessary, and comtinuously extracted with ether or ethyl acetate. The ethereal solution was 
washed with water, dried (Na,SO,), and yielded 25-4 ¢ (65-5%,) of »-chloro-8-hydroxybutyronitrile (IV), 
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b. 136-145" /15 mm., redistilled 134-—136°/13 mm. (Pound: N, 11-7. 9 is for ns on x. 
11-3%). Braun (J. Amer. Chem. Soc, 1030, GB 3167) recorded b. 138-1 mm. 
the ion, the amount of sentic acid neutealiené caumupended ts hs geadection ‘een mal. af 


The characteristic property of (IV) was instability to alkali, and the Schotten-Baumann reaction 
accordingly failed under ordinary c conditions. But y-chloro- B-bensoylorybutvronstrile, needles m p 44°, 
from ether—hght pe . was obt ag met gS he fe ngeee | hy heme emg 
chionde (0-2 g) and powdered potassium hydroxide (0- mrs it was also 
formed by the use of dry and benzoy! chiomde (Fouad: N, 61. C,,H ONC) requires N, 
63%). (IV) was convert weer fe A per elie ns yng me meprnwe teeny gee LF ogy 
15% with | mole of sodium hydroxide, and 35%, when added to 10 moles of pot hyd: 

— yields, which were im contrast to the almost complete ¢ dimensation (Culvenor, Davies, and Savige, 


et.) of (11) derived from |-chioro-3-p-tolyisulphonyipropan-2-ol by the action of alkali, were due to 
reactions other than dimerisation. 


Crade y-hydroxycrotononitrile, best prepared by the cautious addition of less than one mole of 
sodium hydroxide to (IV), was colourless when freshly distilled, but rapidly darkened and 7 
wdnwniie axa {iV} 








crystals of the dimer (III). The uction of this dimer by interaction of sodium h 

as above was preceded by i te coloration and evolut of and the pa a te 
liquid reduced ammoniacal silver nitrate, and hot Benedict's solution. This reducing > 

typical of ethylene oxides, because eprchlorohydrin, cyclohexene oxide, and ethyl! ear e a4 
mert to Benedict's solution. When potassium hydroxide was added to chlorohydrin (1 fame 
chloroform and alcohol, the carbylamine odour was immediately evident and persisted for a few hours. 
A red azo-dye mixed with the colourless dimer was precipitates when (IV) was treated with cold 10 
sxtium hydroxide for 4—5 minutes, diazotised, and coupled with f- thol. (The optimum time 
alkah treatment for maximum dye-formation was about 5 minutes, t h some colour was 

after alkali treatment for a few seconds and also for 10 minutes). Similarly intense colours were formed 
from e-naphthol and acetylacetone. A red colour was also formed when an alkaline solution of the 
chlorohydrin was added, at varied short time intervals, to an acid solution of benzenediazonium chloride 
However, no derivative of 2-aminofuran was obtained by condensation of an alkaline solution of (IV) 
with chloro-2: 4i:nitrobenzene, fluoro-2 4-dinitrobenzene, toluene-p- of p-nitrobenzene-sulphony! 
chionde 


Chioropropylene sulphide and aq icoholic potassium cyanide gave viscous material, which was 
also formed by the slow interaction of catasepeegyions sulphide and excess of dry hydrogen cyanide in 
the presence of potassium cyanide crystals for six months in a sealed tube at room temperature. Apart 
from some darkening when the tube was opened, there was no evidence of formation of the extremely 
unstable 2-aminothiophen (Steinkopf{, “ Die Chemie des Thiophens,” 10941, p. 59) 
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608. Esters Containing Boron and Selenium. 
By H. G. Coox, J. D. ILett, B. C. Saunpers, and G. J. Stacry 


Tri-(2-fluoroethy!) borate is a toxic liquid, the physiological action of which is attributable 
to its ready hydrolysis to fluoroethanol. Diethy! ether-boron trifluoride complex reacts with 


tri-s-buty!l borate; one of the products appears to be impure di-s-butyl fluoroboronate, 
F Bi OEt) 


2 2” Dic hlorodiethy! selenite is a relatively non-toxic low-melting solid 


For certain purposes during the war, we prepared a number of esters containing boron. A 
convenient starting material for these compounds is boron triacetate, B(OAc), (Pictet and 
Geleznofi, Ber., 1903, 36, 2219), which is essentially a mixed anhydride of boric acid and acetic 
acid. In general, heating the triacetate with an alcohol gave the corresponding ester of boric 
acid. The following were readily obtained in this way : tri-»-propyl, uri-n-utyl, tri-(2-fluoro- 
ethyl), tribenzyl, and tricyclohexyl borates. Attempts to obtain the isopropyl! and tertiary 
esters by alcoholysis of boron triacetate were not very successful (but see below). All these 
esters, except tricyclohexy! borate, were readily hydrolysed by water 

Tri-(2-fluorcethy!) borate, B(O-CH,CH,F),, was submitted for physiological tests since 
bisfluorcethy! flucrophosphonate had already been shown to produce a remarkable state of 
hyperactivity in rats (McCombie and Saunders, Nature, 1946, 158, 382). Batches of rabbits, 
guinea-pigs, rats, and mice were exposed to the vapour of the borate with the following results : 


ch. of sn0e mag. uaa 10) killed 74% 
, 2000 


” ” 


. 1000 a id ae (rabbits and guinea-pigs only exposed) 
» - » »  O% (all varieties) 
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The symptoms produced were of the © fluoroacetate ' type and the above figures suggest that the 
toxicity of the ester is due almost entirely to the flooroethanol produced by hydrolysis (cf. 
Saunders, Stacey, and Wilding, /., 1949, 773) 

Schiff (Annalen, supplement 6, 1867, 158) described an alternative method for preparing 
alky! borates. He obtained triethyl borate in fair yield by heating boric anhydride and ethyl 
alcohol in an autoclave for 24 hours: BO, + 3EtOH « B(OEt), + B(OH), We have found 
that by the use of a rotating autoclave (see Saunders and Stacey, /., 1948, 1773) the time of 
heating could be reduced to 6 hours and that Schiff's yield could be improved. Tri:sepropyl 
borate was easily prepared by this method 

Gasselin (Ann. Chim, Physique, 1804, (vill, 3, 46) prepared diethy! flucroboronate, 
F*B(ORt),, by the action of boron tnflucride on triethyl borate. Owing to the difficulty of 
measuring the calculated quantity of gaseous boron trifluonde necessary to ensure the non- 
formation of ethy! diflucroboronite, F,H-OEt, it seemed to us that a more convement fluorinating 
agent might be an ether boron trifluoride complex. We therefore directed our attention to the 
formation of such liquid complexes, in particular those from diethy! and diisoamy! ether. The 
latter complex, which does not seem to have been descnbed, is more stable that the diethyl 
ether compiex. The intention was to bring about the reaction K,O,BF, + 2B(OR’), = 
3F-B(OR’), + K,O. Diethy! flueroboronate is described by Gasselin as a very unstable 
compound, and efforts were therefore made to prepare a more stable member of the series. In 
attempting to make dibenzy! fluoroboronate the product, however, decomposed on distillation 
A smooth reaction took place between the ether complex and tn-n-buty! borate and a colourless 
fuming bquid was obtained which from tts reactions seemed to be essentially di-n-buty! fluoro- 
boronate, F*B(OBu"),, but analysis indicated that it tended to decompose after successive 
distillations. It is probable that it undergoes slow disproportionation into n-butyl difluoro- 
beronite and tri-m-buty!l borate. The ready disproportionation of mixed orthoborates has 
already been noted by Thomas (/., 1046, 823) 

The instatulity of the di-n-buty! fluoroboronate is of interest as the corresponding compound 
of phosphorus, namely diethyl flaorophosphinate, F-P(OEt),, is also unstable and readily 
hydrolysed by water It is worthy of note that the slightly greater stability of tricycichexyl 
borate compared with the trialky! borates is paralleled approximately by the greater stability 
of dieyelohexy! hydrogen phosphite compared with the dialkyl hydrogen phosphites towards 
extium hydroxide solution 

In Part IX on Esters containing Phosphorus (Cook et al., J/., 1949, 2921) attention was drawn 
to the possibility of tautomerism of a hydrogen phosphite with a phosphonate, H-PO(OR), == 


“a 

(RO) POH ~ > (RO), PO™ (the second stage not being reversible). While this is still considered 
a possibility, it should be emphasised that the action of alkali on certain hydrogen phosphites 
may also involve the partial hydrolysis of the ester (cf. Milobedzki and Szwejkowka, Chemih 
Polski, 1917, 15, 56). On the other hand, Janczak (Rocenshi Chemyi, 1924, 4, 180) has shown 
that a hydrogen phosphite can react with its sodium salt according to the equation 
(RO), PYOH + (RO), P*ONa (ROVMONa) POH + P(OR),* Asaresult of this change, Janczak 
states that the sodium dialkyl! phosphite has the same structure as the trialky! phosphite, 1.¢., the 
former contains tervalent phosphorus. This lends some support to the previous observation 
that one action of alkali on a dialky! phosphite may perhaps be to facilitate the tautomeric 
change referred to above. Nevertheless caution must be exercised in drawing definite 
conclusions from chemical methods. Considerably more work is required on the kinetics of the 
reaction, and in any case the true structure of the hydrogen phosphites can probably be deduced 
with certainty only by physical measurements such as infra-red analysis already referred to in 
Part LX (loc, cst.) 

Ethoxyselenium oxychlornde (or ethy! chloroseleninate), EtO-SeO-Cl, was prepared by a modi- 
heaton of the method of Michaelis and Landmann (A rnalen, 1887, 241, 156). It proved to be 
slightly irritant by inhalation and a C¢. of 10,000 mg. min./m.* (¢ = 10) killed only 3 of a batch of 
23 small animals The toxicity was therefore of a low order 

When selenium oxydichionde and 2 moles of ethylene chlorohydrin were heated together and 
the product distilled at low pressure in an atmosphere of carbon dioxide, 2 ; 2’-dichlorodiethyl 
selenite, (CICH SCH,-O),SeO, was obtained as a low-melting, deliquescent, white solid. The 
material when sprayed in ether formed a fine fog which was only slightly irritant. A C?. of 
10,000 mg. min. m.* (f « 10) killed only 2 of a batch of 23 small animals 


* In aqueous solution certain trialky! phosphites will subsequently be hydrolysed to the alcohol and 
hydrogen phosphite, and the latter im the presence of alkali will give (RO)(ONa)P-OH. 
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EXPERIMENTAL. 


Boron Triacetate (ct. Pictet and Geleznoti, Ber, 1903, 36, 2219). Boric acid (200 g., 1 mol.) and acetic 
anhydride (1200 g., 3-5 mols.) were mixed in a three-l., three-nec flask fitted with a reflux condenser 
and a thermometer The mixture was warmed gently, and at about 35° the boric acid floceulated and at 
4500" the reaction began. (This was indicated by the appearance of boric acid on the surface of the 
liquid and it was advisable to stop heating at this juncture, and cool if nec ) After the reaction had 
subsided (5—10 mimutes), the mixture was heated under reflux until the dissolved and then the 
resultant solution was allowed to cool, whereupon boron triacetate crystallised out. Traces of acetic 
acid were removed by washing the crystals with dry ether. The product soon developed a smell of 
acetic acud if exposed to the atmosphere. Further quantities were obtained from the mother-liquor by 
concentration and by precipitation with ether. The yield was 250 g. (87° Boron triacetate forms 
colourless crystals, m. p. 12u", with no smell when pure. It is readily hydrolysed and alcoholysed. 


Analyses of the following compounds were carried out (1) by hydrolysis and titration of the boric 
acid thus formed, in the presence of mannitol and phenolphthalein as indicator, against standardised 
sodium hydroxide: B(OR), + NaOH + H,O ~ NaBO, + 3ROH, (2) by carbon and hydrogen com- 
bustions (in which carbon percentages tended to be erratic), and (3) by determination of fluorme in the 
case of fluorcethy! borate where it was found that boron did not interfere with the standard analysis 
as PbCIF (Chapman, Heap, and Saunders, Analyst, 1948, 73, 860) 


Tri-n-propyl Borate.-Boron triacetate (30 g., 1 mol.) was dissolved in cold a-propy! alcohol (135 g., 
3 mols.), and the solution fractionally distilled. The first fraction consisted of acetic acid, b. p. 118", and 
the second (which was refractionated) was »-propy! borate (18 g., 60%), b. p. 177° (Found: B, 6-9 
Cale. for CJH,,0O,B: B, 585%). Tri-s-propy! borate is a colourless liquid possessing a sweet ester-like 
smell and is readily hydrolysed by water 

Tri-»-buty! borate was similarly prepared in 70% yield, and had b. p. 115°/15 mm. (Found. C, 61-9; 
H, 12-0; B,50. Cale. for C,,H,,O, C, 62-9; H, 11-8; B, 48%) 

Tri-(2-flucroethyl) Borate.—-Boron triacetate (30 g., 1 mol., was dissolved in cold fluoroethy! alcohol 
(131 g., 3 mols.) and fractionated. There was some difficulty in distillation as much decomposition was 
expenenced rg 4 Eventually a small yield of the — fluoroethyl borate, yy 173°, was obtained 

5 


(Found: C, 369 9; F, 270, B57. C,H,,O,F,B requires C, 360; H, 60; F, 27-5; B, 56%) 
it was readily hydrolysed by cok water. 


Tricycloheryl Borate.-- Boron triacetate (30 g., 3 mols.) was dissolved in cyclohexanol (50 g., 3 mols.) 
by gentle warming. The liquid was fractionally distilled; the residue, after removal of acetic acid, 
solidified. The borate (25 ¢., 80%), recrystallised from light petroleum (b. p. 100-—120°), had m. p. 54°, 
b. p. 203°/17 mm. Tricyclohexy! borate forms white —— os hydrolysed by water (Found: C, 
690; H, 104; B, 36. Cak. forC,,H,O,B: C, 70-0; 10-6; B, 3-55%) 

Tribenzyl borate, prepared in a similar manner (88%), had b. p.256°/17 mm. (Found: B, 33. 


C,,H,,0,B requires B, 33%). It shows a slight blue fluorescence, is rather viscous, has a sweet smell, 
and is readily hydrolysed 


Preparation of Triethyl Borate in @ Rotating Autociave.—- Boric anhydride (75 g., slight excess) was 
heated with ethy! alcohol (128 g.) in a rotating autoclave at 100-—110° for 6 hours. The uct was 
extracted with ether, the solution filtered, and the ether distilled off. Unchanged alcohol (20 g.) was 
obtained in the range 75-117 After two distillations of the residue, 44 g. (30°%,) of the borate of b 
117—118° were obtained (Found: C, 497; H, 10-7; B, 7-46. Cale. for C,H,,0,B: C, 405; H, 10 
B, 7-5%) 


Trissopropy! borate, prepared in a similar manner from boric anhydride (75 g.) and tsoprupy! alcohol 
(180 g.) at 125-—135° for 6 hours (yield, 40 g.), had b. p. 139-—-140" (Pound: B, 60; 60. Cale. tor 
C,H,,0,B - B, 585%) 


Boron Trifiwonde.—-Boron trifluoride was obtained by heating potassium borofluoride with an excess 
of concentrated sulphuric acid. The issuing gases were first passed up a reflux condenser, then through 
a wash-bottle containing concentrated sulphuric acid saturated with boric oxide and boron trifluort 
and finally through glass wool into the substance under experiment, contained in a vessel readily 


detachable for weighing purposes. Ground-glass joints were used throughout, as rubber connections 
were readily attacked 


Comples between Diethyl Ether and Boron Trifluonde ~-Boron trifluoride was passed into anhydrous 
diethy! ether (150 g., | mol.) and after 4 hours an uptake of 55 ene Heat was evolved during 
the reaction. The solution was distilled and a fraction, b ~127° (196 g.), obtained. Redistilied, 
this had b 126°. Further quantities of boron caine an were passed through the compound which 
then again Sistitled at 126° and, under reduced pressure in an atmosphere of nitrogen, at 75°/70 mm 
The complex is a colourless f & liquid tely hydrolysed by cold water, depositing boric acid 
which dissolves in excess of water. 

Complex between Diisoamyl Ether and Borow Trifluoride. —Pure ditsoamyl ether, obtained by d ing 

metallic sodium followed by distillation, had b. p. 170-171". Boron trifluoride was 
ether (20 g., | mol.) and in 30 minutes an uptake of 8-6 g. (1 mol.) was obtained The 
~~ reduced re in an ao sa of nitrogen. The w was theoretical 
for compound boy ) 0. BF,. complex, a colour uid, b. p. 78—79° m., with a sweet 
smell resembling that hat of pure ether, is completely byd seibcall tet cecloin-at call eunne te 8 caisuoes 

Action of Diethyl Ether—Bovon Trifluoride Complex on Benzyl Borate.—The formula, Et,O.BF,, was 
assumed, and an excess of benzyl! borate to favour the formation of dibenzy! fluoroboronate was used. 
The complex (4 g., 1 mol.) and benzyl borate (20 g., $2 mols.) wore diessived in ether (10 c.c.), a1 and the 
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selution heated under reflux for 4 hours. After remowal of ether, attempts were made to distil the 
resultant hquid, but a violent reaction occurred at about 100°. 

Action of Diethyl Ether~ Boron Trifluoride Comples on n- Butyl Borate.—The complex (6 g., | mol.) and 
bety! borate (21 g.. 22 mols.) were dissolved in absolute ether (20 c.c.), and the solution heated under 
reflux for 6 hours. The ether was removed and the residual liquid fractionated under reduced pressure. 
Fractions were obtained as follows: (i) b. p. 50° /30 mm. (ether~boron trifluoride complex); (ii) b. p. 
72°/16 mm, (i) b. p. 120°/16 mm. (s-buty! borate). Fraction (ii) was redistilled giving a liquid of 
b 77/18 mm. This product was a colourless fuming liquid, immediately hydrolysed by cold water, 
and its general reactions were in accordance with the formula, F-B(OBu*), (Found; F.100. C,H,,OFB 
requires F. 10-86%. C,H,OBP, requires F, 312%). Kedistillation of the product did not alter the b. p. 
appreciably, bet the fucrine content tended to rise above the theoretical value for di-»-butyl 
fluoroboronate. At the same tume a fraction of higher b. p. and lower fluorme content was also obtained. 
This was probably due to a disproportionation. (It should be noted that the b. p.s of diethyl fluoro- 
boronate and ethyl diflucroboronite are only 4° apart.) 


Ether-boron trifluaride complex (10 g., | mol.) and buty! borate (30 g., 2-2 mols.), initially immiscible, 
were heated under reflux until homogeneous (20 hours) he oanitant fi uid was distilled under reduced 
re in an atmosphere of nitrogen, giving as above a middie fraction, 90° 40 mm., together with 
jarge fractions of unchanged reactants. The middie fraction was distilled and gave a liquid of b. p 
77/20 mm 
Ethyl Chloroselentnate —-To ethy!| alcohol (138-2 g., 3-0 mols.) was added slowly selenium oxydichloride 
(33-2 g..%2 mot.). The mixture was heated under reflux on the water-bath for 30 minutes and then the 
excess of alcohol was distilied off The clear orange-<oloured residue was distilled under reduced 
pressure in a stream of carbon dioxide in an all-glass apparatus. After the last traces of alcohol had come 
over, the remainder of the liquid distilled at 86--88° 17 mm... a quantity of brownish solid being deposited 
on the sides of the distilling-flask. The yield was 204. (83%). Redistillation gave a product of b. p. 
69-5°/17 mm. (Found. Ci, 209. Cale. for CHO ISe . Cl, 202%) 


2 2 -Dichlorodiethyl Seienste.--To ethylene chlorohydrin placed under reflux, selenium oxydichloride 
24-0 «.. O15 mol.) was slowly added. The mixture was heated in an oil-bath at 130° for 30 minutes 
during which hydrogen chloride wasevolved. The excess of ethylene chlorohydrin was distilled off under 
reduced pressure in a stream of carbon dioxide. The pesidual ail, after filtration, was distilled in an 
all-glass apparatus. The distillate was collected in the following fractions: a small quantity below 
87°01 mm, a brown viscous liquid, b. p. 87-126", as the pressure changed from 6-1 to0-3mm.; anda 
larger fraction at 126° 3mm. The last fraction gave white crystals on cooling (16-5 g.); on redistil- 
latwon, the greater part came over at 118°/0-15 mm. [In all these distillations dry carbon dioxide was 
admitted through the au-leak and decomposition was then almost negligible, although discoloration 
caused by traces of free selensum was observed. The product, which was extremely deliquescent, could 
be recrystallived, giving white needies from a mixture of carbon tetrachloride and light petroleum 
b. p. 680"), bat this was not very satisfactory owing to the rapidity with which water was taken up 
The m. p. of the 2 2dichlorodiethyl selenite was 44-—45° (Pound: Cl, 27-3; Se, 313. C,H,O,Cl Se 
requires Cl, 27-0; Se, 31-:1%). The seleniam was estimated by Bauer's method (Mer., 1915, 48, 507) 
after breaking the compound down to selenious acid by heating it in a sealed tube with fuming nitric acid 
for 6 hours at 280 Addition of aqueous silver nitrate to the aqueous solution of the selenite gave a 

white precipitate which redissolved on addition of concentrated nitric acid 


We thank the Chief Scientist of the Ministry of Supply for permission to publish this work, and 
Dr. B. A. Kilby for toxicity tests 
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609. Some Properties of the Diphenyl-4-diazocyanides and their 


4'-Bromo-derivatives. 


By H. C. Freeman and R. J. W. Le Fiver 


The rates of conversion of the respective labile into the stable forms of diphenyl-4- and 
4 -bromextipheny!-4-diasocyanides have been measured at 25° and 45 The energies of 
activation thus obtained agree with forecasts from previous work on the benzenediazocyanides 

The dipole moments of the isomeric dipheny!-4-diazocyanides are found to be 45 and 
S55 As with the two pairs of naphthalenediazoc yanides reported earlier, the stable form has 
the greater moment, compatible with a os-frens-relationship. Moreover, their ultra-violet 
absorption spectra in alcoholic solutions are similar but not identical and show the differences 
expe ted for geometrical tsomers 


Tre transformations of various labile diazo-compounds into their stable isomers have been 
conveniently followed dielectrically or photometrically (Le Févre and Vine, J., 1938, 431, 
1878; Hartley, /, 1938, 633, Le FPévre and Northeott, /., 1949, 333, 044; Brown, Le Févre, 
and Whittem, /., 1960, 185), and the reactions have been found to be of the first order, with 
activation energies from 21 to 26 kcals./g.-mol. and frequency factors between 10" and 
10" sec! 
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le particular, Le Feévre and Northcott (lee. ett.) noted that their measurements for a number 

of ben conformed to Nathan and Watson's expression (/., 1933, 800, 1248; 
cf. Watson, Trens. Faraday Soc., 1938, 34, 165), E = E, + Ciu + ay*), where E and &, are 

he activation energies for the substituted and unsubstituted compounds respectively, C and « 
are constants, and « is the dipole moment of the corresponding monosubstituted benzene, 
C,H,X 

We now record experiments with diphenyl-4-diazocyanide and its 4'-bromo-derivative, 
undertaken to explore the effect of interpolating an extra aromatic nucleus between the polar 
C-X link and the inverting ~N—N-~ unit. Kinetic observations (by the rate of change of 
dielectric constant), in benzene as solvent, are summarised in Table | and compared with 
corresponding data for the benzene derivatives in Table II 





Taste I 

Diazocyanide / Inphenyl-4- 4° Bromodipheny!-4- 
&yy from graph, hrs.~ . 0 + 001 > 

from Ty, bra... y saeds 0” 
Ayy trom graph, brs. oascvessescteseeatice veotee 0-657 + 0-006 

from 74, hre* soesesedees pescengnaemnineocene 0-66 
E, keals. 'g.-mol : ‘ ead ree 22.1 
A (trom Ags). sec" . . sehen 60 » lou 
» (from &,,.), 75 =x lo hi 1 


Taste Il 
Diazoc yamide ; C HYyC,H, Br-C HH, Br HC Hy 
Ayy, he : 5 0-063 0-058 o fos 
hye 0-06 102 
Fe "ke als g.-mol ; 22-1 2146 215 
A, we" ; ca.7 x om 6 =x 10 ij x 


Discussion.—Of the “ direct’ and “ induced" electrostatic factors which may operate 
during a reaction, Waters (/., 1933, 1551) has associated the former with the Cu, and the latter 
with the Cay*, term of the Nathan-Watson equation. In a complex inverse manner, therefore, 
E through a series of compounds should vary with the distances between the polar link and the 
reaction centre (presumably the azo-group in our cases). Whether £ is greater or less than FE, 
depends mainly upon the sign of Cu (the magnitude of which is usually greater than Cay*) 

The moment of a p-bromoaryl-group may be regarded as negative. Our findings are there- 
fore in accord with expectations. From Table II it is seen that replacement of hydrogen by 
bromine leads to a reduction of E; further, that in going from C,HyC,HyN,CN to 
4’-BrC HyC,HyN,CN the decrease in E is notably less (about one-half) than that experienced 
between C,H, N,CN and 4-BrC,HyN,CN 

Moreover, the observed EF for the bromodiphenyldiazocyanide can be quantitatively brought 
into line with benzenediazocyanide itself, for which E, « 23°0 kcals./g-mol. Le Févre and 
Le Févre (/., 1936, 1130) have reported the moment of p-bromodipheny! in benzene as 1°64 pb. 
Use of this figure in conjunction with the constants derived by Le Févre and Northcott (Joc 
cit., p. 944) yields E = 21°3 kcals./g.-mol., comparable with the experimentally found energy, 
21-5 kcals./g.-mol. However, we also find that EF for C,HyC,HyN,CN is 221 and not 
23-0 kcals./g.-mol. (forecast from C,H,N,CN, because ppinneey: = 0). This may indicate no 
more than that the diphenyl and benzene series of diazocyanides require values of C and a which 
are not very different from one another. A similar remark may apply to the related 
naphthalene-a- and -$-compounds, for which E has been recorded as 22-9 and 23°! kcals. /g.-mol. 
(Le Févre and Northcott, loc. cit., p. 333) 

The dipole moments of diphenyl-cis- and -trans-4-diazocyanides. To date, the two 
naphthalenediazocyanides are the only unsubstituted hydrocarbon-diazocyanides for which the 
dipole moments of both pairs of isomers have been published 

We now find, by the refractivity method in benzene, that the labile and the stable form of 
diphenyl-4-diazocyanide have u = 45 and 550., respectively. The difference, although 
smaller, is ebniler in sense to those previously noted between the forms of the naphthalene 
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In each case the stable isomer is the more polar; this is to be expected if isomeric diazocyanides 
are configurationally related as cts-frans-cyanides (cf. J., 1949, 333, and other references given 
). 

+s Absorption spectra of the diphenyl-diazocyamides 
These have been determined in alcohol with a Beck- 
man Quartz Photoelectric Spectrophotometer, model 
DU. Concentrations were 10%. The extinctions 
near 400 my. for the trans-variety were re-measured 
on a 10-*w-solution 

Results are shown graphically in the figure (curve 
4, cis-isomer; curve b, trans-isomer), The features 
revealed are those now usually associated with isomers 
of this type (cf. Le Féwre and Wilson, /., 1949, 1106, 
and references cited at the end of J., 1949, 1595). 

Action of light om the isomers. Indications were 
obtained, both by dielectric constant and photo- 
metric measurements, that daylight caused changes 
in benzene or alcohol solutions of the type to be 
expected if a photo-equilibrium were set up between 
the two forms. Unfortunately, however, decomposi- 
tion was also accelerated and prevented a clear-cut 
decision on the point (see Experimental). 




















EXPERIMENTAL. 


Preparation of Diazocyanides.—The methods adopted 
were essentially those recommended in /., 1938, 431 and 
1947, 457, starting materials being obtained as described 
$00 400 by Morgan and Walls (/. See. Chem. Jnd., 1930, 49, 157), 

Am. Le Févre and Turner (/., 1926, 2045), and Sherwood and 
Calvin (J. Amer. Chem. Soc, 1046, 64, 1350) 


The extraction of the labile diazocyanides after precipitation at 0° was best accomplished with a 
mixture of light petroleum (b. p. 40-70") and ether; even so, emulsions of great persistence were 
sometimes developed. Kefluxing the dried extracts and freezing out the products gave the stable 
isotners in nearly quantitative yield 

















Diazocyanide Colour Found, N,%. Calc., N, 9 
Dipheny!-4- (labile) Red 20-0 20: 
(stable Dark red 
4 Bromodiphenyl-4- (labile) Orange-red 146 
(stable) Red-brown 


Rates of lsomerication..The method and apparatus were those recorded in /., 1949, 3233. The 
diazocyanudes in benzene appeared extremely susceptible to decomposition, possible causes of which 
were traces of either mensture of organic impurities (in parti ular, traces of dex om position produc ts 
For this reason, many runs had to be rejected as doubtful of inaccurate. Despite the use of 
fresh preparations which had been dried at © im the dark and allowed to reach room temperature before 
dissolution, these decompositions could not always be prevented, and in the case of the 4’-nitro-derivative 
no successful interconversion was completed. Observations were plotted (capacity changes against 
time) and 4 calculated at successive intervals. The mean 4 so obtained is shown in Table | as “ from 
graph 


Dn pole Moments of the Diphenyldtasocyanides — Solutions (prepared in brown bottles) were examined 
in sulxtued light as soon as possible after preparation. Procedures, symbols, and pes have been 
desertbed in /.. 1940, 333 feasurements are recorded im Table 111, im which we inclade also the values 
for P, at each w,, calculated wa the mixture formula of Sugden (Trans. Faraday Soc., 1934, 30, 720). 


feteon of Light om the Dissolved Diphenyl lsomers. Although exposures, for 12 hours, of the above 
solutions of the labile form at 10 cm. from a 60-watt bulb caused dielectric constant changes such that 
st, fecame ca 149 suggesting a considerable development of the trans-isomer—the same treatment of 
the last-named, dissolved in either benzene of alcohol, mduced a slow decomposition with formation of 
bubbles of gas In the former solvent the ag, coefficients of illuminated solutions moved in the direction 
of that (11-1) ascertained for the labile species but did not reproducibly retarn to their original values 
after being kept for 12 hours in the dark 


Parallel photometric experiments at higher dilutions in alcohol showed the effects of deo 
more obviously, ¢g., in the figure curve « was the absorption curve of a 10™-solution of the trans-diazo- 
cyanide after 2 hours in } storage for 24 hours in the absence of light left the spectrum almost 
wnaftec ted 





(1950) The Preparation of Some Cytotoxic Epoxides. 


Taste Ill. 


(€,)* (4,)¥ at, Bd, P, 
22725 O-87378 _~ o 
Diphenyl-4-cw-diasccyanide 
2.6011 0-230 449-5 
2-7377 0240 4365 
2.8043 O24 433-6 
In phenyi-4-trans diasoc yanide 
23111 87423 16-45 0-192 cd | 
2 Sos 16-38 0-231 655.0 


26785 16-36 222 6316 
2.0045 : 16-37 0213 Oa 


Mean af, } «?, [Ralp* ” 
biel 484-2 cx 65-8 c« 44, Dd. 
eee 16-40 . O82 Fcc 69-7 cc 5-5, b. 


* Calculated from values already recorded (/., 1938, 431) for the chloro- and bromo-benzene- 
diazoc yanides 


The authors acknowledge financial assistance from the Commonwealth Science Fund 
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610. The Preparation of Some Cytotoric Epoxides. 


By James L. Everett and Greorce A. R. Kon 





The preparation of certain diepoxy-ce is px & 4 cytotoxic action, as measured 
by their activity against the transplantable Walker rat carcinoma, and of certain related 
compounds, is described 


It has been clearly recognised that cytotoxic activity in the di(halogenoalkyljamines, as measured 
by the inhibition of the Walker rat carcinoma 256, is limited to compounds possessing at least 
two halogenoalky! chains (cf, Haddow, Kon, and Koss, Nature, 1948, 162, 824; Ross, J/., 1949 
183 and later papers). These reactive centres are capable of acting as alkylating agents (cf. also 
Fruton, Stein, and Bergmann, /. Org. Chem., 1946, 11, 559) and the further suggestion has 
recently been made by Goldacre, Loveless, and Ross (Nature, 1949, 163, 667) that these com- 
pounds may act as cross-linking agents, by reacting at two points with reactive centres forming 
part of the same, or of two adjacent, protein fibres. A study of many types of compounds 
which could show this behaviour is being undertaken in these Laboratories. 

Epoxides are well known to act as cross-linking agents and are used as such in the textile 
industry. The epoxide ring is readily opened and the compound can then react with nucieo- 
phihe reagents in a manner similar to that of the carbonium ions derived from the halogenoalky!- 
amines (cf. Hammett, “ Physical Organic Chemistry,” New York, 1940, p. 301); a study of 
their reactivity towards such reagents has already been made (Koss, /., 1950, 2257), whilst 
the results of biological tests will be described elsewhere. It may be noted, however, that no 
monoepoxide has been found to be cytotoxic in the intact animal, whereas several diepoxides are 
highly active. The preparation of a number of these compounds is described in the present 
communication 

The method of preparation used was the oxidation of the apprupriate olefin or diolefin with 
perbenzoic acid (Prileshajew, Ber., 1909, 42, 4811); this appeared to be preferable for small-scale 
work to the use of peracetic acid, although the latter should present advantages for large-scale 
work (for a discussion of the subject see Swern, Chem. Reviews, 1949, 45, 1) 

The simplest compound, and one of considerable biological potency, prepared in the course 
of this work is 1 : 2-3: 4-diepoxybutane. This has long been known, but the published method 
of preparation is tedious and does not easily afiord a pure product (Przybytek, Ber, 1884, 17, 
1092); it has now been prepared by the epoxidation of the commercially available butadiene 
monoepoxide. Substitution in the carbon chain of diepoxybutane leads to inactive or less active 
compounds. Of greater interest are the compounds obtained by the insertion of successive CH, 
groups between the oxiran rings, of the general structure (I), amongst which may also be 
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included di-(2 | 3-epoxypropy!) ether in which the oxiran groups are separated by CH,-O~-CH, ; 
most of these are highly active 


(1) CHy-CH—(CH,),—-CH—CH, 


0 Oo 


Of these, 1: 2-6: 6-diepoxyhexane (I; » « 2) has already been obtained, but not isolated, 
by Béseken (Nec. Trav. chim, 1926, 46, 838) by epoxidation of diallyl. We find that this com- 
pound, b. p. 187-188", is readily formed in this reaction together with a new monoepoxide 
The diepoxide has also been obtained by a similar method by Dr. L. F. Wiggms (private 
communication; cf. Wiggins and Wood, Nature, 1949, 164, 402). A product boiling some &° too 
low, but doubtless consisting mainly of the diepoxide, has been prepared by Przybytek (Ber., 
1885, 18, 1350) by the action of potassium hydroxide on dichlorohexylene glycol. The material 
of b. p. 153° prepared from epichlorohydrin and sodium by Bigot (Ann. Chim, 1891, 22, 433) 
must, on the other hand, possess a different structure; Bigot himself found that only one epoxide 
grouping could be detected in his product by the action of acids, a finding confirmed in these 
Laboratories by Dr. Ross on a specimen kindly supplied by Professor J]. B. Speakman. The true 
diepoxide prepared from dially! has two functional] oxiran-oxygen atoms, as expected 

The preparation of diepoxides with longer straight chains involved the preparation of the 
corresponding diolefins, some of which are new. It had been hoped to prepare | : 6-heptadiene 
from diallvicarbinol, originally obtaimed by Saitzew (Annalen, 1877, 185, 129) from ally! iodide, 
ethyl formate, and zinc. We find that the same product is formed from ally! chloride, provided 
that a little of the bromide is added to start the reaction; the bromide alone reacts too vigorously 
The carbine! readily affords the chloride, but all attempts to reduce this were unsuccessful. The 
corresponding bromide could not be completely purified and gave a very poor yield of hydro- 
carbon on treatment with lithium alominium hydride. All attempts to oxidise the carbinol to 
the unknown ketone, in the hope of reducing the latter, were unsuccessful. The required 
hydrocarbons were eventually prepared from the appropriate diacetylenes 

In the preliminary experiments the more readily available octa-1 : 7-diyne was employed 
(Rader, Cross, Heilbron, and Jones, /., 1949, 619; Lespieau and Deluchat, Compt. rend., 1926, 
183, 889) Partial rechuction of acetylenes to the ethylenes is generally carried out in the 
presence of a palladium catalyst (cf, Campbell and Eby, /. Amer. Chem. Soc, 1941, 63, 216; 
Bourguel, Bull. Soc. chom., 1927, 41, 1443, 1929, 45, 1067); but in the present instance it was 
found impossible to arrest the reaction at the desired stage and some monoethylenic compound 
was produced Sodium in liquid ammonia, on the other hand, caused the hydrogenation of only 
one of the triple bonds, doubtless because the monoacetylenic products so formed again combine 
with sxiium to produce insoluble solid complexes. The addition of a large amount of ammonium 
sulphate (Henne and Greenlee, /. Amer Chem. Soc., 1943, 65, 2020) obviates this difficulty and 
all the diacetylenes used in this work could be successfully reduced by this method. Hepta-1 : 6- 
diene had already been obtaimed by Henne and Greenlee, the compounds with 8 and 9 carbon 
atoms appear to be new, whilst the preparation of deca-1 : 9-diene from allylmagnesium bromide 
and tetramethvilene iodide has been described by von Braun, Deutsch, and Schmatioch (Ber,, 
1912, 46, 1246) 

The acetylenic hydrocarbons prepared from sodium acetylide and the appropriate poly- 
methylene dibromide by the method of Lespieau and Deluchat (loc. cit_, Lespireau and Journaud, 
Compt. rend, 1929, 188, 1410) are not quite pure as a general rule and afford analytical figures 
adding up to 90 96°, only, a fact already noted by the French authors. To effect purification 
we adopted the method described by Johnson and McEwen (/. Amer. Chem. Soc., 1926, 48, 469), 
m which the acetyleme hydrocarbon is regenerated by means of dilute hydrochloric acid from its 
crystalline addition product with mercuric rodide = Pure acetylenic hydrocarbons, giving perfect 
analytical values, could be obtamed in this way, but it was noticed that a sweet-smelling high- 
benling fraction was also formed and sometimes constituted the sole product. It was found to 
be a ketone formed by the addition of the elements of water to the acetylene, namely C,H,,O, 
C,H,,0, and C,H,,O respectively (deca-1 | &diyne was not purified in this way) 

The C, ketone was obtained in quantity and investigation showed that it approximated in 
properties to the known tetrahydroacetophenone, but, although the semicarbazones had the 
same melting point, they were distinct, whilst the 2: 4-dinitrophenylhydrazones had widely 
differing melting points The ketone, which readily took up two atoms of hydrogen to form a 
saturated ketone C,H,,O, was identified as |-acetyl-2-methyleyclopentene (III), a compound 
origimally prepared by the dehydration of octane-2 - 7-dione (Colman and Perkin, /., 1890, 57, 





(1950) The Preparation of Some Cytotoxic Epoxides. 3133 


242). It is evident that the unsaturated ketone is formed by an analogous mechanism in the 
present instance, namely by the addition of two molecules of water to the Ciacetylene, followed 
by the elimination of one molecule of water with ring formation : 


CHICCHYCHYCHyCH/GCH — >» (CH SC(OH)-CHYCHYCHyCH,C(OH)CH,) 


V M eutte oT Sek ul 
div.) ~~ (IIL) 
>, Met a ' 


In agreement with this, the C, ketone formed from nona-! : 8<diyne appears to be (IV), 
judging from the melting point of the semicarbazone. On the other hand, the C, ketone formed 
from hepta-1: 6-diyne has been identified as 3-methyleyclohex-2-en-l-one (V), which was 
obtained from heptane-2 : 6-dione by Harries (Ber., 1014, 47, 700); cyclisation involves the first, 
and not the third, carbon atom of the chain : 

CO—CH, 
MeCOCHyCHyCH,COMe — >» HC *H, (vo 
Met —CH, 


EXPERIMENTAL. 


M. p.s and b. p.s are uncorrected. The titration of oxiran groups was carried out as described by 
Ross (/., 1950, 2257); branched<hain « lly gave low values. 


Epesidetion of Olefins.—To a titrated we-cold solution of perbenzor acid in chloroform (Org. Synth, 
1932, Coll. Vol. 1, p. 422, John Wiley and Sons, New York) was added 90% of the theoretical amount of 
the olefin in chloroform solution, and the mixture in a refrigerator for 7~-14 days. The progress 
of the reaction could be followed iodometrically solution was hed with sod carbonate 
solution, then water, dried, and evaporated using a column. The residue was fractionated from a 
modified Claisen flask. The properties of the epoxides prepared are listed in the Table. 








Found, Cale., Oxiran- 
Compound. ; Formula. C, %. H, % C,% H,%. O, %. 
Thepoxybutane ie 
Diepoxypentane - - wo 
Dnepory-2-methylbutane (ts0- CHO, 7 #0 #1 we 


3.4 
4:5 
3:4 


2 
2- 
3- 
ye 
2 
2-! 


119-121 C,H,O 734 loo 
6-Diepoxyhexane 187— 188°", . 
&@ 10028, 
mp 14373 
5-Diepoxyhexane 175-177" 
4-Diepory-2 3-dimethylbutane 16155" C.H,O, 
7-Dreporyheptane 104 — 105 CHO, 
31 mm 
&. Diepoxyoctane 120°/28 mm. C,H,,0O, 
6-Diepory-2 : S-dimethythexane = 68" / 20 mm 
poxrynon-B-ene 98° /32 mm 
9- Lneporynonane 138° /33 mm 
10- Diepoxydecane 150° 30 mm 
7-Diepoxy-2 | 6-dimethyloctane 110-113 
(dihydromyrcene dieporsde) 13 mm 
Methyl di-(2 : 3-epoxypropyljacetate (1: 2- 162-165 CHO, ! 746 
6 T-dieporyheptane-3-carboxylate) 20 mm 
Ethy! di-(2 3-epoxypropy!)malonate 160) 5mm. C,H,O, 72 
(1: 2-6: 7-diepoxyheptane-3 ; 3-di- 
carboxylate) 
3: 4-Epory-1-(1 : 2-epoayethyl)cyclo- 116-113 CHO, &7 
hexane 
Divinylbensene dieporide C,H,O, Wl 65 740 


1: 2-3 : 4-Diepory-| : 4-diphenylbutane - My C,H,O, 6 62 6 
65 1 
similar method by Paul and Techelitcheff (Bull. Soc. chim, 1948, 806). * By 
ruden and Lemme (Ber, 1002, 86, 1342) eh a 
ion of methyl diallylacetate * By epox 
tion of commercial dibutadiene tvimytepaltstoune}. 
. obtained sere epoxidation of commercial diviny!lbenzene 


and Reinde!l (Ber.. 1933, @6, 337) state that isoprene only forms a 
We pataakpaneuten were kept with 400 ¢.c of a 10% solution of perbenzoic 


te ww 
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acid in chiorotorm for 14 days at O° a high traction, b. p. 55° /20 mm. (3 ¢.), was isolated in addition to the 
monoopomide, titration gave a diepoanie content of 04% and the other analytical figures were also in 
agreement 


Penta-\ : 4-diene.-Thia was prepared essentially as described by Elsner and Wallsgrove (/. /mst 
Petroleum, 1940, 36. 364). but with allyl bromude in place of the chloride (cf. Kistiakowsky, Rubott, 
Smith, and Vaughan, {. Amer Chem. Soc, 1936, 68, 146). An experiment was als» made to see whether 
this diene could be prepared by the dehydration of pentamethylene glycol with phthalic anhydrite and 
toluenesulphonic acid (Waldmann and Petru, Chem Ber, 1050, $3. 257). The sole product, however, 
was tetrahydropyran, b. p 86-46--87-5°, 4 O- S731, my 14187. This compound has already been obtained 
by the dehydration of pentamethylene glyce! under rather different conditions (Demjanow, /. Russ 
Phys. Chem. Soe, lao ee 


Diallyl cartenel..-A mixture of # c.c. of ethy! formate and 170 ¢.c. of allyl bromide was added in 
small portions to 130 g. of zinc wool, and the reaction started by warming. It may become violent and 
even explosive. When it was complete water was added to the viscous black mass, and the mixture 
distilled, the carbine! being recovered trum the distillate 


In later experiments ally! chioride (163 ¢.c ) was substituted for the bromide, but a little bromide was 
added to the a portion of the chionde and ethy! lormate to start the reaction; once started, it pro- 
coeded quictly. Steam-distillation was found to be superfluous and the reaction mixture, consisting 
largely of a viscous grey mass, was decomposed by the addition of dilute hydrochloric acid and extracted 
with ether. It was also found that the amount of zinc used (this is got stated by the Russian authors) 
can be reduced to one-half. The yield of carbinol, b. p. 49-—41°/16 mm., was 30%. It was characterised 
by the 3. S.dinttrobenzoate, silky needles (from pentane), m. p. 62-63" (Found: C, 550; H, 47 
CH ON, requires C, 4-9, H, 46% The chloride was prepared by adding dropwise 8 ¢.c. of thionyl! 
chiorule to a well-cooled solution of 13 ¢.c. of the carbinol in 14 cc. of dimethylamiine with constant 
shaking After 34 hours tce and hydrochloric acid were added and the chloride was extracted with ether 

it had b. p. 60° /20 mm. (yield 50%) (Found: C, 650; H, 8&3. Calc. for C,H,,.Ci: C, 65-8, H, 85%) 

It did not form an epoxmie with perbenzow acid. The bromide was prepared by treating an ice-cold 
solution of the carbinol in 5 volumes of dry benzene with a slight excess of phosphorus tribromide and 
working-up as above. The yield of fraction, b 66-567. 5° 25 mm., was 40%, but analyses suggest 
that it was not pure (Found C, 57-8: H, 7-0 ale. for C,H, Br: C, 480, H, 63%) 


Reduction 1526. of powdered ithium aluminium hydride were suspended in 100 ¢ c. of tetrahydro- 
furan and 14 @ of the above chloride gradually dropped into the stirred suspension, the solvent being 
kept gently boiling After 2 hours’ further boiling the mixture was left overnight, then cooled, and 
cautwously decomposed by addition of a mixture of water and tetrahydrofuran, then more water, and 
finally dilute sulphuric acid. The mixture was extracted with pentane, and the extract repeatedly 
shaken with water to remove tetrahydrofuran. It was dried and evaporated through a column, and the 
residue fractionated but it comtamed practically no low-botling coastituents, whilst most of the chlorde 
was recovered 


The bromide was used in later expermments and the amount of lithium aluminium hydride reduced to 
one-quarter. A very small amount of hydrocarbon fraction boiling at about 90° was obtained but could 
not be completely panhed 


Hepta-1 6-diyne—Sodium acetylide was prepared in liquid ammonia solution and treated with 
trimethylene dibromuide following the directions of Bader ef al. (loc. cit.) for the higher homologue The 
yield of acetylenic derivative was poor, sometimes nil, and the compound impure. It was treated with 
mercurtc todide solution Spee ps and McEwen, loc. cst.), the gummy precipitate was collected, purihed 
by trituration with aleohol and then ether (it was not sufficiently soluble to recrystallise as recommended 
for monoacetylenic derivatives), and treated with dilute hydrochloric acid (1 : 3) in a current of steam 
The ot] recovered from the distillate by extraction with ether consisted solely of ketonic material, 
characterised as the semicarbazone, m. p. 190° (Found: C, 57-4; H, 77. Calc. for CGH YON, C, 
57.5. H, 7-84), not depressed on admuxture of the semicarbazone of 3-methyleyelohex-2-en-l-one. The 
2 4-denitrophenylavdracone of the latter is also a suitable derivative for characterising the ketone, it 
forms crimson needles, m. p. 174-175", from ethanol (Found  N, 194. C,,H,,O,N, requires N, 19-3% 


Later batches of the divne. purified by repeated distillation under reduced pressure, had b. p. 30° /26 
mm. and so obtained were sufficiently pure for the next step (Found: C, 807; H,@2. Calc. for C,H, 
C, O13, HH, & 7%). it resinifies extensively when distilled under atmospheric pressure 


Hepta- 1 6-diene — Reduction of the diyne with sodium in hquid ammonia and ammoniam sulphate 
(Henne and Greenlee, loc. est.) gave 30%, of the pure diene, b. p. 80" (Found: C, 87-8; H, 12-9. Calc. 
for C,H, C, 87-4; HM, 12-6% 


Octa-1 > Todivne This was prepared in good yield as described by Bader ef a/. (loc. cit.) but various 
batches gave unsatisfactory figures on analysis A specimen of the diyne regenerated from the mercuric 
txdide complex as described above had b. p. 136-138" (Found: C, 96-3, H, #5. Cale. for C,H, 
#45, HH. @5%, There was also a small high-boiling fraction. on another occasion this constituted 
the sole product of the reaction, it gave a semicarbazone, sparingly soluble ams, m. p. 220-—221", 
from ethanol (Found ©, 505, H, 83. Cale. for CJH,,ON,: C, 50-7, H, &3%), the m. p. being de- 
pressed by the semicarbazane of tetrahydroacetophenone. The 2. 4-dinitrophenylhydrazone formed 
ertmson needles, m. p. 174°, from ethanol (Found N, 182. C,,H,,O,.N, requires N, 184%). The 
2 4-dimetrophenyidvdrazome of tetrahydroacetophenone prepared for comparison was similar in appear- 
ance but much less soluble, m. p_ 204° (Foun: N. 188°). The ketone regenerated from the semi- 
carbazone had b. p. 0°30 mm., df 0-9506, mp 14868, Ry » 37-56 (Found. C, 77-4; H, 99. Cale. for 
C,H,O. C, 774, H, &7%); it also formed a somewhat soluble oxime, m. p. 86°. The ketone was 
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reduced to the saturated ketone, which had a strong camphoraceous odour, b. p ~ 106", df 0-8067, 
> L-441l, Qt 0-006. a at on ate ont 
Perkin (loc. eat.) as the properties of 2-acetyl-Il-methyleyeleopentane. This nd was further charac- 
terised by the semscarbasone forming somewhat soluble plates (from m. p. 145° (Found: C, 
50-0, H.®5. C,H,,ON, requires C, 59-0; H, 03%), the 2 ¢-dimtwaphouyligedodoone, orange needles 
(from ethanol), m. p. 100° (Found: N. 188. C,,H,,O,N, requires N, 18-3%). 


Octa-1 - 7-diene ghettherne oot (ee ¢). dissolved in 40 .c. of ethyl acetate, was shaken in an 
atmosphere of hydrogen with 0-7 ¢. of 0-5°%, palladised calcium carbonate. After some 4 hours the 
uptake of hydrogen appeared to slow down considerably, rather more than the theoretical amount (2 
moles) of hydrogen having been absorbed. The hydrocarbon isolated at this point no longer gave the 
characteristic reaction of acetylenes. The fraction of b. p. 122-—124° (after ation from metallic 
sodium) gave analytical figures indicating that reduction had beyond the required stage 
(Found : C, 85-1, 85-3; H,144,13-9. Cale. for C,H: C, 87-2; H, 12-89%) 


13-8 G. of sodium were dissolved in 600 c.c of liquid ammonia cooled in alcohol solid carbon dioxide, 
10-6 G. of the diyne were added during 40 minutes with rapid stirring, the stirring continued for another 
2 hours, and the solvent allowed to evaporate off. Aqueous ammonia was then added and the reaction 
product isolated by means of ether. On fractionation the bulk of the product boiled at 127-129" and 
there were two other fractions (b. p. 129-——131° and 131-135"). The first fraction was analysed (Found 
C, 8&1; H, 10-09%). A repetition of the reduction gave similar material (Found: C, 88-0; H, 11-09%), 
in approximate agreement with the formula C,H, (Cale. C, 88-8; H, 11-2%) 


Finally, the pure regenerated octadiyne (25 g.) dissolved in 5 volumes of dry ether was added to rapidly 
stirred hquid ammonia (240 c.c.} and 145 g. of a hate, cooled as above. Sodium (26-5 g ) 
was added in small pieces until the blue colour persisted for some time (Henne and Greenlee, loc. cif.) 
Octa-\ > 7-diene (16 g.) was isolated as above and ry sh ly at 116° after distillation from sodiem, and 
had dj'* & 7293, my 1-4215, [Ry )p 38-35 (Found : C, rears 13-3. C,H,, requires C, 87-2, H, 12-86%) 


Nona-| : 8-diyne.-This was obtained from sania acetylide and pentamethylene dibromide exactly 
as the lower homologue (yield, 40 g. from 90 g. of dibromide). The diyne r ated from the mercuric 
rodide complex had b P on 69-5° 29 mm. Q O-8230, mp 14500, Ry yp 24 (Found. C, 8@8, H, 
10-3. C,H,, requires C, 890-0; H, 10-19%). A ketonic by-product was also produced in the regeneration 
of the diyne, adording a semicarbazone, plates m. p, 207-208" (Found: C, 61-4; H, @3. Cale. for 
CyH,,ON,: C, 615; H, 88%). The semicarbazone of l-methy!l-2-acetyleyclohexene is stated to 
melt at 207—208° (Meerwein and Schafer, |. pr. Chem., 1922, 104, 304) 

Nona-| : &-diene.-Reduction of the above diyne by the method of Henne and Greenlee (loc. cit.) 
afiorded an excellent yield of the ores b isda) in, gy ©7395, my 14275, Ry)» 43-18 (Found: C, 87-2, 
H, 13-5. C,Hy, requires C, 874; Catalytic reduction gave a mixture giving analytical 
values in better agreement with ie, pRo4, * aH,, (Found: C, 85-4, 85-3, H, 14-0, 14-09%) 





An attempt was also made to pa nona-|  §-diene by the reduction of s-diallylacetone, 7 


ed 

in poor yield by the hydrolysis of ethy! diallylacetonedicarboxylate (Volhard, Annalen, 1892, , 
Schroeter, Ber, 1916, 49, 2697). It was converted into the semicarbazone (mentioned but not described 
or analysed by Auwers and gn ony Annalen, 1912, 387, 194), plates, m. p. 93-04" (from methanol) 
(Found: N, 21-2. C,.H,,ON, requires N, 215%). Three portions of 4-1 g. of the semicarbazone were 
heated in sealed ‘tubes each with 1-3 c.c. of hydrazine hydrate and 20 ¢.c. of a 5% solution of sodium in 
ethanol for 8 hours at 180 On working up, 7 g. of the diene, b. p. 146°, were obtained (Found: C, 86-8; 
H, 13-4. C,H,, requires C, 87-0; H, 13-0%) 

Deca-\ 9-diyne.—58 G. of hexamethylene dibromide gave 22 g. of the diyne, which was sufficiently 
pure for the next step after two fractionations under reduced re, b. p. 78—80°/20 mm. (Found 
», 89-40; H, 10-6. CyH,, requires C, 80-5; H, 10-56%), @** O8288, mp 14528, Ry\p 43-75 


Deca-| : 9-diene._ The reduction of the diyne by the method of Henne and Greenlee gave a good 
yield of diene (18 g. from 22 g. of diyne), but the product still gave the reaction of an acetylene with 
ammoniacal silver nitrate; after a second ek am it was pure, having b 165°, df * 0- 7454, mp 1.4300, 

Ry)» 47-72 (Found: C, 87-2; H, 13-1. C,H,, vires C, 86-0; H, 13-1%) ‘The boili point is 5° 
lower than that quoted by von Braun, Deutsch and Schmatioch (loc. cit.) and as these aut did not 
determine the physical properties of their diene, the identity of the two preparations cannot be regarded 
as proved 


Di-(2 : B-epexypropy!l) Ether.—-This compound was originally prepared from epi-iodohydrin by a 
laborious process giving poor yields (Nef, Annalen, 1904, , 238). It was more easily obtained by the 
epoxidation of diallyl ether 
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Robinson and Saxton : 
611. <A Synthesis of Substituted 2 : 3-Benzpyrrocolines. 


By Six Rowexr Rosinson and J. E. Saxron. 


During synthetical studies in the strychnine fieki it has been found that the condensation of 
acetonylacetone with indole and its simple derivatives, in the presence of hydrogen chioride, 
follows different paths mainly dependent on the substitution-t of the indole. Skatole is 
attacked in the I- and 2-positions, yielding a base, C,,H,,N, which is considered to be 1: 6: 5- 
trimethy!-2 3-benzpyrrocoline, J-ethylindole behaves similarly 

2-Methylindole gave no characteristic product under the candieions om yed, and indole, 
which we thought should yield a dimethyit tetrah ydrocarbazole, was actually converted into a 

substance in which the 2-position remains free. The « tion of skatole with levulic acid 
leads to the formation of 4 neutral product derived from two molecules of the indole derivative 
and one molecule of the keto-acid by loss of two molecules of water; a poambie structure is 
suggested. Precedent researches are reviewed and a new interpretation of the course of the 
sell-condensatoon of 2 4-dimethylpyrrole is advanced 





Consravctrion of the strychnine skeleton would be facilitated by a knowledge of the 
circumstances that allow the attack of carbonyl groups on a 3-substituted indole at the 
3-position so as to produce indolenines. For that reason we attempted the condensation of 
skatole with acetonylacetone in the presence of hydrogen chloride. The reaction could have 
proceeded with formation of a carbazolenine (I) and a base, C,,H,,N, was indeed obtained. 
its properties showed, however, that the constitution (I) is inapplicable and the substance is 
almost certainly |: 5: 8-trimethyl-2: 3-benzpyrrocoline (11), the first representative of a 
tricyclic aromatic system of consilerable stability. A substance possessing the structure 
(1) should yield a sec -basic hexahbydro-derivative (II1), whereas (11) would give a tetrahydro- 
derivative (1V) in which the nitrogen is tertiary. The base, C,,H,,N, takes up four or twelve 
hydrogen atoms on catalytic hydrogenation, and the properties of the tetrahydro-product show 
that it ts an aromatic indole substituted in positions 1, 2, and 3. Keduction of trimethylbenz- 
pyrrocoline by means of zinc dust and boiling hydrochloric acid gives a solution that exhibits a 
typical strychnidine ferric reaction and must contain a hexahydro-derivative. The decision 
in favour of (TV), and hence of (11) for the original base, was confirmed by examination of 
ultra-violet absorption spectra and comparison with suitable models (see Fig). It can be 
seen, for example, that the light absorption by tetrahydro-trimethylbenzpyrrocoline closely 
resembles that by ®ethyl-1: 2:3. 4-tetrahydrocarbazole. A related carbazolenine and a 
substituted hexahydrocarbazole (not figured but available in connexion with other studies) 
gave quite different results 

The 2: 3-benzpyrrocoline skeleton has formal similarity to that of the indolediazines 
(Kermack, Perkin, and Robinson, /., 1921, 119, 1602; 1922, 121, 1872) and occurs in strychnine 
and brucine derivatives, as well as in a number of synthetic compounds (Openshaw and 
Kotunson, /., 1937, 041), in reduced and oxidised-—reduced forms 

During experiments in the strychnine group over a long peried it has been recurrently 
observed that degradation products are obtained which exhibit a yellow colour and an intense 
apple green fluorescence. It was suggested (Bailey and Robinson, Nature, 1948, 161, 433) that 
the partial structure (V) is contained in these fluorescent by-products and this was rendered 
probable by the crreumstances in which they were formed 

The expression (V) denotes a hydroxy-2 : 3-benzpyrrocoline and hence it ts of interest that 
the base (11) is vellow and exhibits a striking green fluorescence in organic solvents. A simple 
mexiel for the strychnine derivatives would be the substance (VI) which we hoped to obtain 
from hewulic acd and skatole. The condensation with the help of hydrogen chloride results 
under some conditions in the formation of small quantities of a yellow substance that fluoresces 
green in alcoholic alkali, but the main product under the conditions described below is a 
colourless compound, C,,H,,ON,, which we consider to be (VII) 


CMe 


cn CHMe 
(ite “ont a Ye (re = 
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Condensation of indole with acetonylacetone in alcoholic hydrogen chloride gives a crystalline 
product which does not appear to be homogeneous and of which the analytical figures are not 
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decisive. The results suggest the formula, C,,H,,ON, and contamination by a compound less 
rich in oxygen (possibly with none) to an extent equivalent to loss of O1H,O from the said 


AX AAA 
Wy OQ 


(VI) 


Me (HMe 


AK,CH 
Ous Me vit) 
Y/N 
H 


molecule. Provisionally the main product may be represented as (VIII) because its Ehrlich 
reaction discloses a free 2-position in the indole nucleus 


Ultra-riolet absorption spectra 
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1 5: & Trimethyl-2 : 3-benepyrrocoline 

5 & Dimethyl-l-ethyl-2 . 3-benzpyrrocolime 

1:5. & Trimethyl-5 6. 7 : 8-tetrahydro-2 - B-benepyrrocoline 
0-Ethyl-1 2.3: 4-tetrahydrocarbazole.* 

11-Methyl-1 : 2. 3: 4-tetrahydrocarbasolenine.* 


When indole was found to give an unexpected product we decided to attempt the use of 
ethyl indole-3-carboxylate but this investigation was delayed and postponed by the erroneous 
claims of Mentzer (Compt. rend., 1946, 222, 1176) which have been refuted by G. F. Smith 
(J., 1950, 1637). (We read this communication on the day of writing the manuscript of the 
present paper.) Our observations on the condensation of ethyl formylichloroacetate and 
p-toluidine confirm in all particulars the findings of Smith 

The new method of formation of benzpyrrocolines may wel! be of interest in the synthetical 
approach to the strychnine skeleton. Thus condensation of N-acetyltryptamine and acetony!- 
acetone furnishes a good yield of 1-2’-acetamidoethyl-5 : §-dimethyl-2 : 3-benzpyrrocoline 
(IX), the properties of which are closely similar to those of (11) 


*° From Grammaticakis, Compt. rend., 1940, 210, 569. 
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The benzpyrrocoline salts are quite colourless (visible region) and non-fluorescent, and hence 
the yellow colour and green fluorescence of the bases are probably the result of some activity of 
the unshared electrons of the nitrogen atom. Electronic displacements which include an 
increased sharing of covalency electrons between the nitrogen and adjacent carbon atoms could 
distribute some unshared electron value over all the ring-carbon atoms of the system In (II) 
and (IX) the displacements (4), (4), and (c) can be included in hetero-enon conjugations (X) 
which may bring an unshared electron value to the positions marked with an asterisk 

CHyNHAc 
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On current theories of light absorption and fluorescence this implication of the structure is 
consistent with the optical properties of the substance. The probability of finding a potential 
bonding clectron at any one position in the rings at any instant must, however, be of a low order 
because the benzpyrrocolines exhibit no significant reactivity such as is characteristic of 
dialkylapilines, pyrrole, and indole. It appears that the unshared electron value is well 
distributed (statically or dynamically) over one, or both, of the groups of positions shown in 
(X) and for this reason the reaction-initiating level of electron availability is not reached 

The relation of trimethylbenzpyrrocoline to its salts is of a very unusual kind. It can be 
seen from the preceding discussion that the cation formed by anion of a proton with the nitrogen 
will possess stability factors independent of those in the base. HB" can, for example, be a 
true benzene and this nucleus is conjugated with a hexatriene. It is therefore conceivable 
that the benzpyrrocolines can form stable salts as the result of a transformation of the whole 
system and in spite of the fact that there is a low unshared electron value at the nitrogen atom 
of the base 

The benzpyrrocolines are in fact Pseudo-bases in the sense that union with a proton brings 
about profound changes in the valency-electron systems of the rest of the molecule. The 
benzpyrrocolines are very weak bases which yield the salts of moderately strong bases. When 
the latter are liberated, electronic displacements very rapidly re-establish the original position 

Perhaps the term “ pseudomeric may suitably describe this type of base in which the 
electronic constitution of B is different from that of HB 

It should be pointed owt that the phenomenon is widespread in the hetero-enoid bases, for 
example, aniline is pseudomeric, as shown by a comparison of chemical reactivity and absorption 
spectra of the base and its salts But *n the benzpyrrocolines the pseudomeric character can be 
recognised by means of simple experiments (see below) made possible by the optical properties 
of the bases, and probably by the manifestation of the valency isomerism in B to an extreme 
degree 

The amile group in (1X) proved very resistant to acid hydrolysis and we have not yet 
obtained the corresponding amine in substance. Solutions probably containing it are yellow 
at a lower pH than are those of (1X), the turning point of which is between pH 5 and pH 55 
This was to be expected on account of the enfeebled strength of the weaker centre in a di-acid 
base 

Condensation of Pyrroles with Acetonylacetone.—-An attempted reduction of 2: 5-dimethy! 
pyrrole with zine and acetic acid led to the formation of a base, C,,H,,N (Zanetti and Cimatti, 
Her, 1807, 30, 1588 This was confirmed by Plancher (Ber, 1902, 35, 2606; Plancher and 
Crusa, Ath NR. Acoad. Lincs, 1002, \v). 11, , 210, tdem, hid, 1006, 15, ti, 453) who 
postulated hydrolysis to acetonylacetone followed by condensation with another molecule of 
the dimethylpyrrole, and lastly reduction (2H) of the product. The Italian chemists regard 
this base as re-cihydrotetramethvlindolenine, but a dihydrotetramethylpyrrocoline structure 
is also possible However, Allen, Young, and Gilbert (/. Org. Chem., 1937, 2, 235) have shown, 
for some cases at least, that indole formation from pyrroles does not proceed by preliminary 
hydrolysis and later condensation, but rather by dimertsation and later loss of ammonia 

The constitution of the above-mentioned base, C,,H,,N, and similar substances from other 
pyrroles, is obscure from more than one pomt of view 

Nevertheless, in the case of the condensation of 2: 4-dimethylpyrrole with acetonylacetone 
(cf Plancher and Ciwaa, lec. ct), the close formal analogy with the skatole reaction persuades 
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us that the product cannot be represented by any of the formula hitherto considered, but is 
1: 3: 5: 8-tetramethylpyrrocoline (XI). 


Me 


OO: (X11) 
H 


It should be noted that pyrrole and acetonylacetone condense with formation of 4: 7-di- 
methylindole (XII) (Plancher, 1902, joc. cit.; Plancher and Caravaggi, Ami R. Accad. Lincei, 
1905, [v), 14, i, 157). When the 3-position is free this is the natural result although it is 
conceivable that a pyrrocoline could be first produced and then rearranged. The contrast with 
the behaviour of indole is evidently due to the well known facts that pyrrole is attacked first in 
the 2-position, and indole first in the 3-position. 


EXPERIMENTAL. 


1: 5. & Trimethyl-2 ; 3-Lenzpyrrocoline <11).—A solution of skatole (1 g.) and acetonylacetone (2 g.) 
in alcohol (20 c.c,) was saturated with hydrogen chioride, with cooling, and for 12 hours. In later 
experiments it was found that the reaction was completed in the time for saturation of the 
solutions. a ipitation occurred on dilution of the mixture with water and the solution was 
basifed with um hydroxide. The solid was collected and washed with cold aleohol (3 x 5 c.c.). 


1: 5: & Trimethyl-2 : 3-benzpyrrocoli~e crystallised from methanol or light petroleum (b. p. 60-80") 
as yellow prisms, m. p. 134° (0-5 g.) (Found: C, 856; H, 72%). As this analysis was not 
very satisfactory the substance was adsorbed on alumina from light petroleum solution and eluted with 
the same solvent (b. p. 60-—80"). After crytallisation from methanol the m was still 134° (Pound 
C, 85-7; H, 72%; Mr (eryoscopic in camphor), 104. C,,H,.N ires C, der H, 72%; M, 209). 


In the later experiments a 47% yield was obtained after one tion from ethanol and another 
from light petroleum. When a small quantity is heated in a test-tube a sublimate and distillate of 
unchanged substance are obtained and there is only a trece of brown non-volatile residue. When kept 
in the air for a long period the crystals become green. 


The solutions of this substance ip neutral organic solvents are yeilow and exhibit a fine, slightly blue- 
tinged, green fluorescence. There is a striking resemblance to the colour and fluorescence shown by 


4-ketotetrahydroquinoline and similar cyclic amino-ketones (tetramethyleneindoxy!, isoquinamine, etc ) 
in alcoholic solution. Since the common factors are the benzene ring and the nitrogen atom it must be 
concluded that these elements of the structure are in a like condition in the two series. However, the 
benzpyrrocolines exhibit their colour and fluorescence in benzene and in ethereal solution, whereas the 
colourless solutions of the keto-imines in benzene fluoresce violet. 


Trimethyibenzpyrrocoline does not dissolve in cold 1% hydrochloric acid but o_o so when 
heated, and the solution is quite colourless and remains so on cooling or on dilution. Addition of dilute 
hydrochloric acid to an alcoholic solution produces immediate decolorisation and salt-formation. On 
the other hand 1% hydrochloric acid does not extract the base from an ethereal solution, and ether does 
not extract the base from its solution in 1% hydrochloric acid. Thus according to the way in which the 
mixture is red we can achieve two entirely different results. In the one case the base is in the 
ethereal in the other it is in the aqueous , ees A cold solution in glacial acetic acid is yellow and 
fluorescent but it becomes colourless and non-fluorescent on the addition of water 


This trimethylbenzpyrrocoline shows no indole reactions (¢.¢., negative Ehrlich test) and does not 
couple with diazobenzenesulpbonic acid. With p-nitroben jazonium acetate in aqueous alcohol it 
slowly yields a yellow-brown solution which becomes blood-red on the addition of sodium hydroxide. 


The perchlorate crystallised from methanol in dense, colourless rhombs, m. p. 196-——197° (Found : 
C, 58-1; H, 61. C,,H,,N,HCIO, requires C, 58-1; H, 52%). 


5:6: 7: &Tetrahydro-| : 5. &-trimethyl-2 : 3-benzpyrrocoline (1V).—-Trimethylbenzpyrrocoline (0-8 g.) 
was hydrogenated in methanolic solution in the presence of palladised strontium carbonate (0-1 g. of 
24%) (an equal amount of Raney nickel was also used and with the same result), The reduction was 
slow at the room temperature and pressure, and took about 24 hours. The product was isolated by 
distillation, and 5:6: 7 : 8-tetrahydro-| : 5 : 8-trimethyl-2 : 3-benspyrrocoline obtained as a colourless oi! 
(0-6 g.}, from a bath at 120°/0-08 mm. This solidified on trituration with methanol and crystallised from 
methanol as colourless prisms, m. p. 76—-80° (Found: C, 84-4; H, 90; N, 63,67. C,,H,,N requires 
Cc, &-56; H, 69; N, 66%). The m. p. indicates that this specimen may be contaminated by a 
stereoisomeride. 


In all respects this substance exhibits the behaviour of a 2 : 3-disubstituted (or 1 | 2: 3-trisubstituted) 
indole. It is a very weak base, precipitated from its solution in acetic acid on the addition of water, 





P acid was When the 
concentrated hydrochloric acid a weak red colour is developed 
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1. 5: &tremethyl-2 S-benspyrrocoline.— Trimethylibenzpyrrocoline (10 g) im acetic 
acid (30 c.c.) was hydrogenated at the room ¢ after the additwa of platinum 
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auide (01 g ); the slow env-qumpinted th 00 bear The hitered solution was evaporated under 
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up im ether, and the solution dried (MgSO, distilled. Dodecakydro-| : 5 : 8-trimethyl-2 : 3-benz- 
(7-ceoine was collected as 4 ra ol (66 ¢), b. p. 116° 0-65 mm. (Pound C, 81-7; H, 12-5. 

Cy gly requires C, 61-6; H, 122%). This is certainly a mixture of stereoisomerides (6 asymmetric 
carbon atoma) These are strong dad readily soluble in dilate acids and behaving as tert.-bases towards 
nitrous act’ and acetx anhydride. No cologr reactions with ferric salts, diazobenzenesulphonic acid, or 
Enrlich’s reagent could be observed. 


The pterate(s) © ised from methanol as yellow rhombs, m. p. 161-166" (Found: C, 560; H, 
68; N. 124. C,,H,0,N, requires C, 6-0; H, 67; N, 12-4%). 


The production of fert.-bases on perhydrogenation is important evidence of the benzpyrrocoline 
constitution of the starting product. 


1. Ethyl-5 > &-dimethyl-2 : 3-benepyrrocolime.—The crude product from 3-ethylindole and acetony!- 
acetone, after basification, was triturated with methanol and the yellow solid was crystallised twice from 
aqueous ethanol, and then from methanol. 1-hthyl-6 : 6-dimethyl.2 . 3-benzpyrrocoline crystallised in 
goiden flakes, m. p. 74° (Pound: C, 856-6, 862; H. 77,78; N. 64. C,,H,,N hee my C, 1; HL 746 
N, 63%). The crystals became brown when kept in air, and all the properties of the substance closely 
resembled those of the lower homologue. The perchlorate c lised from methanol in — 
prisms, decomp. 205-215° (Found, C, 50-4; H, &4. CyH,,N,t — requires C, 50-4; H, 5-6% 


1.2°-Acetamidocthyl-5 : &dimethyl-2  B-Lenepyrrocolime (1 X).— cooled solution of N-ac —_ 
pe pee (10 g.) and acetonylacetone (2-0 ¢.) in alcohol (10 c.c.) was saturated with hydrogen chioride 

kept for 15 minutes. The solution was diluted with water (10 ¢.c.) and basified with 2n-sodium 
hydroxide, and, after an hour at 0", the product was collected. 1-2'-Acetamidoethyi-5 : S-dimethyl-2 - 3- 
bene colime (1-1 g.) we obtained as clusters ot slender yellow needles, m. p. 190-191" (Pound 
C, 769; H, 74; N, Ss. CygHgON, requires ©, 77-1; H, 7-1; N, 100%). The yellow colour and green 
fluorescence, as well as the Pehaviour towards acids, of this substance are like those of trimethylbenz- 
pyrrocoline. The colourless solution in concentrated hydrochloric acid was kept for several days and 
the unchanged base was recovered. Hydrolysis occurs very slowly on boiling. The perchlorate, long, 
colourless prisms from methanol, had m. p. 202° (decomp.) (Found: C, 56-4; » &7; N, 7-9. 
CypH,ON, HCIO, requires C, 56-8; H, 5-5; N, 74%) 


Condensation of Indole ath Acetonylacetone.—(a} A mixture of indole (1 g.), acetonylacetone (2 g.), 
sinc acetate (4g¢.), and acetic acid (50 «.c.; 90%) was refluxed for 44 hours. The product was 
eventually twice crystallised from ~ a ——— / ~}00") and obtained as colourless prisms, 
m. p. 0-—86" (65 g.) (Found: C, 70-7; H, 7-3; Petey. The last crystallisation did not alter the 
m p 

(6) A mixture of indole (1 g.), acetonylacetone (2 g.), aleohol (2 ¢.c.), andJeon entrated hydrochlorix 
acki (1-5 ¢.c.) was heated on the steam-bath for 15 minutes. On cooling, long colourless, prisms 
separated and the substance was recrystallised from light petroleum (b. p. 60-80") and obtained as 
colourless prisms, m. p, 85-00" (Found: C, 80-6; H, 70; N, 59%). Fractional crystallisation gave 
materials of m. p 76--84° and m. p. 88-—00° of which the Ehrlich reactions were somewhat different. 
The former was purple in the cold and magenta when hot; the latter was biue-violet in the cold and 
vielet when hot A possible interpretation of the analytical results has been mentioned in the 
latroduction 


Under conditions similar to (6), skatole gave no isolable products with acetylacetone or 
6-dione, nor could 2-methylindole be condensed with acetonylacetone to a definite product. 


Condensation of Skatole with Lawulie Acid. —When skatole was condensed with an excess of hevulix 
acid in the presence of hydrogen chloride products were obtained which exhibited a yellow colour and 
green fluorescence in alcoholic potassium hydroxide solution. A cooled solution of skatole (1 g.) and 
Levulic acid (1 g.) in aleohol (20 ¢.c.) was saturated with hydrogen chloride, kept for 12 hours, and 
then diluted and neutralised with sodium hydroane A benzene-light petroleum solution of the orly 
product was passed through an alumina column which was washed until the product waseluted. The 
substance crystallised from ethanol as dense, colourless, hexagonal prisms, m. p. 220° (0-2 g.) Found 
C, 86, 804) H, 67.65; N. 79,84; active H. 066%; M (cryoscopic in camphor), 288. C,,HyON, 
requires C, 8-7; H, 65; N, #2: 2H, O50%; MM, 342 The substance does not exhitut indole 
colowr reactions and is probably 5-Acfo-8-(3-methyl-2-indolyl).1  S-dimethyl-5 | 6: 7: 8-tetrahydro-2 : 3- 
hens fvercceliime (Vil 


Dyson Parems Laposatory, Oxroep Unsrversiry Received, July 7th, 1950.) 
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612. The Component Acids of a Hippopotamus Fat. 
By C. Barker and T. P. Hrvprres. 


The chief component arid af the 08 of 2 Sppeneianens Das bese. seune te De seen 
(27-19%), stearic (22-3%), and oleic (39-39%), with mimor proportions of other saturated acids 
(myristic 2-3, arachidic 1.1%) and other unsaturated acids [tetra- and hexa-decenoic acids 
2-6%. octadecadienoic 3-4%,, octadecatrienoic (linolemec) 15%, and unsaturated acids of the 
Cu series 0- 4% The C,, «trene-acids included comparable sons of ordinary linoleic acid, 
a conjugated diene-acid, and other acids in which the double bonds are separated by more than 
one methylene group 

Apart from the minor amounts of polyethenoid wy mead oe eed eo he is 
typically a stearic-rich fat similar te that of some of the larger land animals (such as the ox or 
sheep). This is somewhat surprising ip view of the amphibious character of the animal and the 
extent to which its food may be derived from aquatic sources. The lack of a ) comprehensive 
range of data for the composition of the fats of diverse species of is is € 





r 


Ovur knowledge of the composition of fats laid down in the adipose tissues of land animals is 
very much less comprehensive than that of vegetable seed fats or of the fats of aquatic species. 
Although far from complete, survey of vegetable fat composition has covered a sufficiently wide 
range of species to define in some measure the specific mixtures of fatty acids which characterise 
the seed fats of different kinds of plants, and to indicate marked correlation in many instances 
between seed-fat composition and the families into which plants have been divided from 
considerations of morphology and physiology. This statement holds, although to a less extent, 
for the fats of aquatic organisms, including fish and marine mammalia._ In the land animals, 
attention has been concentrated mainly on the fats of a very few common animals, notably those 
of oxen, sheep, pigs, and rats; no systematic attempt has yet been made to study in detail fats 
from a range of animal! species sufficiently broad and diverse, and comparable with that now 
available in the vegetable kingdom (although the latter, of course, covers only a smal) fraction 
of the total number of plant species involved). It is only within the past decade that accurate 
knowledge of the composition of human depot or milk fats has been acquired. Similarly, 
although the component fatty acids of fats of some few species of domestic animals have been 
given in detail, little information is yet available for fats of wild animals: apart from a few 
isolated observations, the detailed data in this field are almost wholly restricted to those for fats 
of the lion, Ceylon bear, giant panda, baboon, emu, and kangaroo (Hilditch, Sime, and Maddison, 
Biochem. ] ., 1942, 36, 98), tiger (Pathak and Godbole, Jndian Soap ]., 1945, 11, 68), puma (Giral, 
]., 1945, 112), black bear (Sell, Taylor, and Miller, J]. Amer Ou Chem. Soc., 1948, 25, 416), and 
some species of deer (Baugham, Jamieson, and McKinney, Ou and Fat Jnd., 1929, 6, No. 8, 11; 
Treadwell and Eckstein, J. Biol. Chem., 1939, 128, 373). It is clearly necessary to obtain 
detailed knowledge of the fatty acid composition of fats from many more animal species before 
adequate understanding in due perspective can be gained as to similarities or differences between 
fats deposited by animals of different biological origin and habits. 

Recently we have had an opportunity, through the kindness of Professor F. L. Engledow, 
F_R.S., to examine a specimen of the fat of a hippopotamus killed in Uganda. The results have 
been interesting, since the depot fat of this large amphibian has proved to resemble those of oxen, 
sheep, and some other land animals much more closely than those of smaller amphibia which 
have so far been investigated. The component acids of the hippopotamus fat were separated 
into groups of more or less unsaturated character by crystallisation from acetone at low temper- 
atures, and by submitting the more saturated part of the acids deposited from acetone to a lead 
salt separation, as described in the Experimental section of this paper. Each group of acids was 
converted into methyl esters, which were distilled in a vacuum through a fractionating column 
and separated into a number of ester fractions the composition of each of which was determined 

The component acids of the hippopotamus fat were thus found to be of the following nature. 
The saturated acids present were largely palmitic (27%) and stearic (22%), with minor 
tions of myristic (2%) and arachidic (1%) acids. Of the unsaturated acids, oleic acid (39%) 

was the only major component, but the following were present in very small proportions : 
Mem sete. (accompanied by traces of tetradecenoic) 2%, octadecadienoic acids 35%, 
octadecatrienoic (linolenic) acid 1°5%, and smal! amounts (less than 1%) of highly unsaturated 
acids of the C,, and possibly C,, series. 

It is thus seen that palmitic, stearic, and oleic acids together form nearly 90% of the total 
acids in the hippopotamus fat. This composition is closely similar to that of “ stearic-rich 
anima! depot fats,”’ of which those of oxen and sheep are the most familiar and typical examples. 
The content of 27% (wt.), or 29% (mol.), of palmitic acid lies within the range of 30 + 3% 
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(mol) which Banks and Hilditch (Biochem. J., 1931, 25, 1168) and Hilditch and Longenecker 
(thid., 1937, 81, 1805) showed to be characteristic for the depot fats of most land animals. The 
high proportion of stearic acid and the relatively low proportion of ole acid places hippopotamus 
fat definitely in the group of “ stearic-rich ” depot fats. 

On the other hand, the components of the unsaturated acids other than oleic (which form only 
8°. of the total acids) present features of interest. The amounts of tetradecenoic, hexadecenoic, 
and unsaturated C,, acids are small, eves in comparison with those of animals such as the ox or 
sheep, but the polyethenoid C,, ackis appear to be unusual in comparison with those in a land 
animal fat such as beef or mutton tallow. The C,, triene-acid is the linolenic acid of vegetable 
fats, whilst the C,, diene-acids appear to consist of roughly equal proportions of the linoleic acid 
of vegetable fats, a conjugated diene-acid, and an acid or acids in which the two ethenoid bonds 
are separated by more than one methylene group. It is probable that these polyethenoid C,, 
acids are derived directly from dietary fat assimilated by the animal, since there is adequate 
evidence for the view that the forms of linoleic and linolenic acids met in vegetable fats are not 
producible by synthesis from carbohydrate in the animal 

In contrast, the bulk of the fatty acids (palmitic, stearic, and oleic, in which the molar ratio of 
palmitic to the two C,, acids is 1 : 2°05) has the general composition which has been shown to be 
characteristic of fat synthesised in an animal from carbohydrate (Hilditch, Lea, and Pedelty, 
shid., 1939, 33, 403; Hilditch and Pedeity, tid., 1941, 35, 932). Hippopotami are herbivorous 
animals, reputed to feed mainly on water vegetation, although also resorting to dry land where 
they are liable to ravage herbage and growing grain. The composition of the fat suggests that 
it may be derived for the most part from a carbohydrate diet, whilst the nature of the 
pelyethenoid acids present is in harmony with the view that these are derived from the fats of 
aquatic vegetation. Lovern (sbid., 1936, 30, 387) has shown that freshwater alge and pondweeds 
contatmn fats with low saturated acid contents (15—20%,, chiefly palmitic) and unsaturated acids 
in which C,, acids with an average unsaturation of —5 0H * predominate, accompanied by 
smaller proportions of unsaturated acids of the C,, and C,, series 

The hippopotamus fat further stands in marked contrast to the fats of some smaller 
amphibians (frog, tortoise, lizard), the compositions of which have been determined (Klenk, Z 
paystol. Chem, 1933, 221, 67, 2560, 264; Kienk, Ditt, and Diebold, ibid., 1935, 232, 54; Hilditch 
and Paul, Biochem. ]., 1937, 31, 227), as illustrated in Table 1. It will be seen that the fats of the 
smaller amphitua have more resemblance to those of typical aquatic flora, suggesting that fat 
assimilated from the latter forms a much greater proportion of their depot fat than it does in the 
hippopotamus fat 

Taste ! 


Component fatty acids of amphibia fats (and pondweed fat) 


Saturated Unsaturated 


eee 


‘ ' 

. % Linsatn 
Hippopotamus (present work ; 27 23 7 23H 
Prog (Kienk J a Ps 25H 
Tortotse (Rienk «f ail t MS 24h 
Lizard (Kienk of al ; f 24H 
Lieard (HMilditch and Paul) 2 2 27H 
Pondweed (Lovern) 5 5 34 40H ‘ 6H 


In the hippopotamus fat, the palmitic content (approaching 30°.) and the very high stearic 
content, as already mentioned, are the most distinctive features. The class of “ stearic-rich 
animal depot fats to which it clearly belongs includes depot fats from a diversity of animal 
species The depot fats of ruminants (ox, sheep, goats, deer) are typically stearic-rich, but so 
also are those of some other herbivorous non-ruminant animals (camel, kangaroo) and also those 

nivorous) felane species (lion, tiger, puma, cat); on the other hand, other herbivora (horse, 
baboon), bears, and man elaborate depot fats with low stearic acid contents (usually not 
ng 7—8°, of the total fatty acids) 

Attention is drawn to these interesting similarities and differences in animal-fat composition 
in order to stress the need for very many more data on this subject from a wide variety of species, 
and in the hope that others may be attracted to engage in similar studies with the aid of the 
expermental methads which are now available for determinatwn of the component acids of 


natural fate with consderable precision 


* J... the nember of hydrogen atoms necessary to bring | mol. of acid to the saturated state. 
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EXPERIMENTAL. 


The hippopotamus fat was yellow in colour and solid at the ord y tem: ture. It had a 
saponification equivalent of 255-7, an iodine value of 46-2, and contained 31%, of free fatty acid (as 
olesc) and 05% of unsaponifiable matter. 

Determination of the Component Acids.—The mixed fatty acids (174-2 g.) obtained by hydrolysis of 
about 190 g. of the fat were crystallised from acetone (10 mil. per g. of acids) at --60°; 18-7 g. (iodine 
value 117-8) were left in solution ; the deposited solids (155-5 g.) were recrystallised at — 60° from acetone, 
a further 11-2 g. (iodine value 1044) remaining in solution. These soluble portions were combined 
(group D; 20-9 g.) for further analysis. 

The deposited acids (144-3 g.) from the second crystallisation at —60° were next crystallised from 
acetone (10 mi. per g. of acids) at —40", this operation being again repeated at —40"°. Two fractions of 
acids soluble in acetone at —40° were thus obtained (26-5 g. of iodine value 82-4, and 13-5 g. of iodine 
value 80-3) which were united for further examination (group C; 4-0 g.). 

The acids insoluble in acetone at —40" (104-3 g.; iodine value 17-5) were then converted into lead 
salts in alcohol solution (cf. Hilditch, “ Chemical Constitution of Natural Fats," 2nd Edn., 1047, p. 469), 
and the solution set aside at room temperature. There were thus obtained finally the following four 
groups of fatty acids (corrected weights) 


Group . 
A From insoluble lead salts. som . 412 
B » soluble lead salts bensdinbteedpasnmsbddbuateneenenetaueh . 18-7 
c Soluble in acetone at — 40” 22-0 
b oo " ee Caan i7-2 


Each group of acids was separately converted into methyl! esters, which were distilled in a vacuum 
through an electrically-heated aad packed column. Table Ll is a summary of the ester-fractionation 
data, showing the fractions obtained from each group, with their equivalents and iodine values. 


Taste I. 
Fractionation of methyl esters of fatty acids of groups A, B, C, and D. 


Sap. lodine Sap lodine 
Wt. (g.). equiv. value No, Wt, (g.). equiv. value 
Methyl esters from group A. Methyi esters from group B. 
1-82 267-6 . 1-79 262-8 
270-1-—270-9 . 2-07 2734 
283.1 1 235 285-0 
278 203-2 
1-05 205-3 
20090 297-7 
161 310-9 ° 


— 
=z 


6 


2 
2 
8s 
2 
2 
1 


14-64 


Methyl esters from group C. Methyl esters from group D 
251-3 


Sen ouvevnw~ 
~-enee & 


33-23 
* Residual esters, freed from unsaponifiable matter : 
A13 Sap. equiv. 304-3; iodine value 6-6 C10 Sap. equiv. 204-5; iodine value 87-9 
BT ~ 296-1; - 59-5. Ds - 298-9; 0 424 


The following unsaturated acids were definitely identified in the fractions named : hexadecenoic acid 
(fraction D1) by conversion into dihydroxypalmitic acid (m. p. and mixed m. p., 126-5127"); oleic acid 
(fraction C7) as dihydroxystearic acid (m. p. and mixed m. p., 120-6--130"); and linolenic acid (fraction 
D6) as crystalline hexabromostearic acid (m. p. and mixed m. p., 180-5181"). There was evidence 
(fractions C8—10, and D8, 9) of very smal! amounts of esters of unsaturated C,, acids, in quantity too 
smal! for definite identification ; these were allowed for in the subsequent calculations in the usual manner 
(ef. Hilditch, op. cit., p. 500) 

The <a acids, when t (groups C and 2) only), were determined by 
spec ysis (fractions Cl, C7, D2, D6, and D®. The acids in fractions Cl and D2 belong 
wholly to the C,, series, those in C7 and D6 are wholly C,, acids, and those in D9 contain polyethenoid 








3144 The Component Acids of a Hippopotamus Fat. 


pa) weed every aye de poor ated rg tg A emery 2 peered pe ener neg The extinction 
cooticrents of the untsomerised acids at 234, 266, 300, and 315 mp. were determined in order to detect 
any conjugated diene.. triene-, “tthudiech, Morton” wad. 1 whilst each acid was isomerised with alkali 
under standardised conditions . Analyst, 1945, 70, 68), the extinction 
coethoients being measured at 265 my. (for “ linolenic” unsaturation, after isomerisation at 170° for 
15 menutes) or at 234 (for “ linoleic unsaturation after isomerisation at 180° for 6) minutes). The 
results are given in T it 
Tass Ill 


Spectrophotometric analyses of acids om selected ester fractions. 
Mixed acids of fractions. 





gue 
lodine Extinction-coefficients (E}%, ) at 
value . . 300 mp. 315 map. 
Isomerised (150° 60 mins.) 15-6 ~ 
oo (170°/15 mins.) ina 
o (180° 60 mins.) - 
Unisomerised ............. oi 
lseemerised (170°/15 mins.) 
3 (180° 60 mins) - 
U aisomerised sue 128-6 
lsomerised (170°/15 mins.) 
o- (ise 60 mins.) = 
Unisomerised 149-4 
lsomerised (180° 60 mins.) * Not determined 


Tasie IV. 
Component fatty acids of the hippopotamus fat. 


Total fatty acids 
(excluding unsaponifiable) 





Myristic 
Paimitic 
Steark . 
Arac bid 
Tetradecenok 
He xadecenoi 
Olen 
Or tadecadienotc 
Linotenx 
( onjagated 
Other forms 
Linolenk 
Unsaturated C,, (and C,,) 
Unsaponihabie : o1 


were 
Ste Oo mw Ht ts 


w 
Ue eceo wWhente~ 


The data in Table III lead to the following composition of the unsaturated acids in the respective 
fractions Cl, hexadecenoic only; 12, hexadecenorw 04-3%, hexadecadienoic 5-7%; C7, oleic 08-1%, 
ox tadecadiencic 10%; D6, oleic 63-5%,, linoleic 98%, conjugated diencic 6-3%, other forms of octade- 
cadienoic 86%, linolenic 11-85% After allowance for the increments of sodine value, in the acids of D6, 
due to the linolenic, conjugated diene, and linoleic acids as determined spectrophotometrically, the 
remaiming acids were found to have an sodine value (101-0) still in excess of monoethenoid unsaturation 
(90-1). This indicates the presence of acids not measurable by the spectrographic analysis, 1.¢., other 
oc tadecadienote acids in which more than one methylene group occurs between the two double bonds. 
The proportion of these was calculated from the residual todine value of 101-0. Acids of this nature 
were also apparently present, but only in traces, in fraction C7.) 

The unsaturated C,, and C,, acids present in the ester fractions of groups C and D were calculated on 
the basis of these compositions 

The spectra of the acids of the residual ester fraction D9 show slight absorption bands with heads at 
300 and 315 mp. as well as at the lower wave-lengths, thus confirming the presence of fetra- or penta- 
ethenoid acids (of the C,, or higher series) 

The components of each ester fraction were then calculated (by using the compositions of unsaturated 
C,, or C,, acids indicated by the analyses in Table III) by the procedures which have been described at 
length elaewhere (Hilditch, op. et, pp. 505-509). The percentages of the component acids in each of 
the fowr groups, and therefrom those for the total fatty acids of the original hippopotamus fat, then 
follow (Table TV) 


We are much indebted to Professor F. L. Engledow, F.R.S., of the School of icuiture, University 
of Cambridge, for the opportunity to examine this interesting fat. We thank the Colonial Products 
Research Council for authority to publish the results, and for a grant to one of us (C. B.). 


Tee Universrry, Liverroot. (Received, July 10th, 1950.) 
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By S. Gurta, T. P. Hicporren, and M. L. Mrara. 
The component acids of a mixture of the back and mesenteric fats of a badger have 


small in whose fats these C,, acids occur in some quantity. With seven different 
component acids present in appreciable proportions, the constituent mixed glycerides of the 
badger fat are numerous and c x in character, but are shown to be assembled according 
to the principles which are follo in the great majority of nateral fats 


Tue badger (Meles meles L.), which with the pine marten, the polecat, and some other animals of 
similar habit is placed in the family Mustelidae, is one of the less abundant but well-known wild 
animals indigenous to this country. In diet it is omnivorous, feeding for the most part on roots, 
acorns, and other fruits, on insects, and on small animals such as mice, frogs, lizards, and snakes. 
Anima! fats of this species or, indeed, family have not previously been studied in detail, and we have 
therefore been glad to have the opportunity to investigate a specimen of the body fat from a badger 
killed in Somerset which was extracted and placed at our disposal by Mr. E. G. Neal of Taanton. 

The fat (which is often reputed by country people to have specific value as an ointment in 
relieving rheumatism) was derived mainly from the back of the badger but also contained some fat 
from the mesentery : it was thus a mixture of external adipose tissue and intestinal depot fats, 
with the former predominating. As received, it was dull cream in colour and semi-solid at room 
temperature ; the presence of 82% of free fatty acid indicated that retrogressive changes had taken 
place to a smal! but definite extent during or before rendering the fatty tissues to liberate the fat 

Only cursory characteristics for badger fats have previously been recorded. Amthor and 
Zink (Z. anal. Chem., 1897, 36, 6) stated that a specimen of fat from the abdominal cavity melted 
at 30—35", had iodine value 71°3, saponification equivalent 200, and contained 2°5% of free fatty 
acid. Lobachev (Soviet Med., 1943, 7, No. 10, 21) gave the following figures for the back fat of 
a hibernating badger: m. p. 34——35°, iodine value 70-—73, saponification equivalent 276—280 ; 
he reported that the fat obtamned from badgers during hibernation (but not during spring and 
summer) appeared to have medicinal value in the treatment of wounds 

The specimen of badger fat examined by us differed from those recorded earlier in its softer 
consistency and higher degree of unsaturation, its iodine value being 91:6. Its component 
fatty acids were determined in detail by preliminary resolution of the mixed fatty acids by 
crystallisation from acetone and from ether at low temperatures, followed by fractional distil- 
lation of the methyl esters of each group of separated fatty acids: this procedure, some details of 
which are given later (p. 3147), was the same as that applied to the acids of hippopotamus fat 
described in the preceding paper. The detailed analysis showed that three acids made up about 
66% of the total acids of the badger fat: palmitic (21%), oleic (31%), and unsaturated (largely 
polyethenoid acids) of the C,, series (14-—15%). The other unsaturated acids present were 
linoleic (8%), linolenic (4%) and hexadecenoic (6°, including traces of hexadecadienvic acid), 
whilst similar amounts of other saturated acids (stearic §%, myristic 6%) were also present 

The component acids of badger fat thus differ somewhat remarkably in some respects from 
those of the majority of fats of the (relatively few) larger mammalian species which have so far 
been examined. The most outstanding peculiarity is the presence of 15% of unsaturated C,, 
acids, a group of acids which have usually been found in so high proportion only in the fats of 
marine animals and of some amphibious animals. In the latter classes the unsaturated C,, 
(and C,,) acids in the body fats are accompanied by smaller, but comparable, proportions of 
hexadecenoic acid; and it is seen that in the badger fat also the proportion of the latter acid 
(6%) is about twice that found in many other land cnimals. 

The large amount (31%) of oleic acid is accompanied by subordinate proportions of Cy, 
diene- and triene-acids, which are largely the ordinary forms of linoleic and linolenic acids 
produced in the vegetable kingdom. The presence of these acids suggests that some proportion 
of the badger reserve fats is derived by direct assimilation of the fats present in vegetable matter 
consumed by the animal. 

The saturated acids of the badger fat are distinguished by comparatively low proportions of 
stearic acid and rather more myristic acid than is usually found in fats of land animals, and 
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the palmitic acid content is definitely lower than the 30 + 3%, (mol.) which is characteristic for 
very many land animal fats. The badger-fat component acids are thus definitely not of the 
* stearic-rich type which are present in many animal reserve fats and in which there is evidence 
(Hilditeh, Lea, and Pedelty, Biochem. J ., 1939, 33,493; Hilditch and Pedelty, ibid., 1941, 35, 932), 
that such fats have mainly been synthesised im the anima! from ingested carbohydrate. The 
unusually low palmitic acid content, and the presence of vegetable (seed-fat) linoleic and 
linolenic acids and of prominent proportions of unsaturated C,, and C,, acids reminiscent of 
aquatic fats are all consistent with the badger body fat being derived to a considerable extent 
more or less directly from fats present in its diet. It is at all events suggestive that the unsatur- 
ated acids mentioned are those found on the one hand in vegetable fruit fats and on the other in 
the fats of frogs and other small amphitia, both of these sources being reported amongst the 
common foods of the badger. At the same time it must be remembered that, as emphasised in 
the preceding paper, knowledge of the composition of the fats from a far wider range of animal 
species than is available at present is essential before any firm generalisations on their specific 
characteristics can be reached. With our present limited knowledge it is only permissible to 
put on record the composition of fats of animal species of the less common types and to point with 
some diffidence to definite resemblances or differences between fats from different animals or to 
features which, as in the present instance, seem to be common to an animal fat and to the fats 
of some of the maim constituents of its food 

Having regard to the reputed value of badger fat for rheumatic conditions, it may be well to 
add that there is nothing about the composition of its fatty acids which suggests that such 
properties, if real, are due to any of the fatty constituents. The main difference between 
badger fat and other land anima! fats is the presence of about 15%, of polyethenoid acids of the 
Cy series, acids which are present in still greater proportions in most fish oils; we are not 
aware, however, that fish oils have been credited with this therapeutic property. If the popular 
belief is well-founded, it would appear that some specific consituent of the non-fatty matter 
which accompanies the fat itself is more likely to be the factor concerned 

The composition of the mixed glycerides present in badger fat has also been studied during 
the present investigation. As would be expected in a fat in which more or less substantial 
proportions of some seven different fatty acids are incorporated, it has been found to be a very 
complex mixture of mixed triglycerides, so complicated that it is not possible to distinguish the 
presence or proportion of any individual mixed triglyceride. Some general features can 
however be deduced from the component acids present in each of seven glyceride groups into 
which the fat was resolved after systematic crystallisation from solution in acetone at low 
temperatures (cf. Experimental, p 3149). When this procedure has been carried so far that little 
further alteration in mean unsaturation is effected by further crystallisation, any one glyceride 
group will consist substantially of mixtures of only two of four possible categories of mixed 
giycerides, for example, tri- and di-saturated glycerides, di- and mono-saturated glycerides, or 
monosaturated and triunsaturated glycerides. Similarly, although the degree of separation is 
somewhat less certain, the same considerations will hold approximately for glycerides of 
individual acids so that, for instance, a given group may consist of mixtures of dioleo- and mono- 
oleo-glycerides but will not include any significant quantity of triolein or of glycerndes from which 
oleic acid is absent. The composition of such binary mixtures of glyceride categories in any one 
giyceride group can therefore be estimated approximately from the determined composition of 
its fatty acids, and by summation the proportions of various categories of glycerides in the whole 
fat can be estimated, not with precision, but with sufficient accuracy to indicate the general 
constitution of the whole fat 

Application of this procedure to the badger fat has indicated that about half of the fat 
consists of glycerndes with one saturated and two unsaturated acy! groups; of the rest, about 
equal proportions of glycerides contain one unsaturated and two saturated groups, or contain 
three unsaturated groups, and only a very small proportion (3%) consists of trisaturated 
giveerides. The two major component acids, oleic and palmitic, are distributed in the fat as 
follows: oleic groups occur twice in some 5—6% of the triglyceride molecules, and palmitic 
groups occur twiee in about 4%, whilst oleic groups occur once in over 80% of the triglycerides, 
and palmitic groups occur once in about 52%. No indication of the presence of more than one 
acy! group of any of the other constituent acids per triglyceride molecule was observed in any of 
the seven glyceride fractions which make up the whole fat (except for possible traces of glycerides 
containing two of the unsaturated C,, acid groups). Badger fat thus follows the general principle 
observed in the constitution of natural fatty glycerides: there is the usual marked tendency 
towards the most even or widest distribution of the fatty acids amongst the triglyceride molecules. 
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No individual component acid forms more than one-third of the total fatty acids, and only in the 
cases of oleic acid (31%) and palmitic acid (21%) is there evidence of the presence of small 
proportions of dioleo- and dipalmito-glycerides respectively. 

From the final figures for the various categories of glycerides (Table V, p. 3151) it is evident 
that a large proportion (perhaps nearly half) of the glycerides contain both an oleic and a palmitic 
group. The 23% of triunsaturated glycerides probably also contain at least one oleo-group 
associated with acy! groups of other unsaturated acids. In the monounsaturated glycerides 
there is probably one palmitic group, the remaining saturated group being either stearic or 
myrtistic; and, similarly, the small quantity (3%) of trisaturated glycerides is probably largely 
mixed in character (dipalmitostearin, myristopalmitostearin, etc). Whilst palmito-cleo- 
unsaturated C,,-acid glycerides are the most abundant individual mixed glycerides in the fat, 
the unsaturated C,, acids are also present in association with other combinations of fatty acids 


EXPERIMENTAL 


The opportunity is taken to describe, in greater detail than usual, the ee techniques 
applicable to most fats, which are currently employed in the Liverpool labora: 


The badger body fat was dull cream in colour and semi-solid (pasty) at room temperature. It had a 
saponification equivalent of 284-8, an iodine value of 91-6, and contained §-2% of free fatty acid (as oleic) 
and 0-6% of unsaponifiable matter 


Scueme | 
Crystaliisation of mined fatty acids of badger fat. 
100-3 ¢., LV. O61 


Acetone, i 
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; ; 


Ether, 45 i | 
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Wt. (¢.) 20-7 340 13-8 


LV 61 746 147-1 
A B Cc 


Determination of the Component Acids..-The mixed fatty acids (109-3 g.) obtained by hydrolysis of the 
fat were successively crystallised from 10% solutions in acetone at — 65°, and in ether at — 45", according 
to Scheme 1. The following four fractions were thus finally obtained ; 

lodine 

Group. . %. value. 
A Insoluble in ether at — 45° I. 27-2 61 

B Soluble in ether at — 45° 310 746 
Cc » acetone at —65° (2nd and 3rd crystallisations) ... . 12-6 147-1 
D os 2 (Ist crystallisation) I. 24-3 61 

Each group of acids was separately converted into methy! esters, which were distilled in a vacoum 
through an electrically-heated and packed column. Table | is a summary of the ester-fractionation data, 
showing the fractions obtained from each group, with their equivalents and iodine values 

The portions of polyethenoid acids, when present, were determined by spect ric analysis 
(fractions B4, C1, C3, be. and D5). The unsaturated acids in fractions Cl and D2 belon wholly to the 
C,, series, those in other fractions being wholly unsaturated C,, acids. The acids from each fraction were 
isomerised with alkali under standardised conditions (Hilditch, Morton, and Riley, Analyst, 1945, 70, 68), 
and the extinction coefficients then determined of the bands developed at 268 my. (for “ linolenic ” 
unsaturation after isomerisation at 170° for 15 minutes) and at 234 my. (for “ linoleic * unsaturation after 
isomerisation at 180° for 60 minutes). The results are given in Table II. 

The C,, diene- and triene-acids were shown to contain the ordinary (seed-fat, cis-) forms of linoleic and 
linolenic acids by the isolation (from the acids of ester fractions C3 and D5) of characteristic 
adducts (m. p. and mixed m. p. 113—114°) and hexabromo-aducts (m. p. and mixed m. p. 177—179°). 
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Taste I. 
Fractionation of methyl esters of fatty acids of growps A, B, C, and D. 
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Tassie II. 


Spectrophotometric analyses of acids im selected ester fractions 
Mixed acits of fractions 
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The approximate iodine values of the acids of the C,, series present in the final fractions from the 
distillation of the esters of groups B,C, and D were deduced by extrapolation, and hence the approximate 
equivalents of their methy! esters, as described by Hilditch (“ Chemical Constitution of Natural Fats,” 
2nd Edn, 1947, p. 500 The proportions of the C,, and C,, esters in these fractions were then estimated 
from their respective eqeivaients and the observed equivalent of the fraction in question. The com- 
ponents of each ester fraction having then been determined by methods described in detail elsewhere 
(Hilditch, of esf.. pp. 05-19), the percentages of the component acids in each group, and therefrom 
those for the total fatty acids in the badger fat, follow as shown in Table III 


Tasie III. 
Component fatty acids of the badger body fat 
Acid groupes AD Total fatty acids 
(excluding unsaponifiable) 
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at temperatures successively m: from —60" to 0”. Thevo bastions of tut bolt tn aviation ot —W" were 
combined and subjected to a crystallisation from acetone at —55". The 

finally left insoluble in aretone at 0° were given a crystallisation from ether at 0”. 

at the selected temperature for Og en syne aH ow nape im which the solutions were 
left overnight in a refrigerator. way Ae Be ep ae ch of todine value 90-9 was separated into a 
series of seven glyceride groups, the iodine values of which ranged from 10-8 to 157-2. The complete 
series of crystallisations is illustrated in Scheme 2. 


Scueme 2. 
Crystalssation of mised glycerides of badger fat. 


205-7 g. (84-5) 19-8 g. (157-6 
= 


| 
198-1 g. (82-1) 7-6 g. (156-6) 


—-hn” / 
ata : palaninnectiomanigrantaens camel eS 
186-0 g. (78-3) 12-1 g. (135-5) 


j 


| ~so° 
ae 1 

180-1 g. (76-6) 5-0 g. (130-3) 
| 
~w j 


162-1 g. (72-4) 18-0 g. (116-4) 


Rol Rea res ere le” Bae 
147-1 g. (68-6) 15-0 g. (109-6) 
-“ 
i i a hes 
130-3 g. (63-9) 16-8 g. (103-5) 


—~ 20° 





88-4 g. (52-5) 


| Acetone, 0° 
| 


g. (37-6) 





Ether, 0° 

















3150 The Component Acids and Glycerides of a Badger Fat. 


The mixed acids in each of the seven growps 4---G of the ghycersdes were determined by fractionation 
of ther methyl esters, the acids of groups #£ being first separated into relatively saturated and 
uneatereted portions by crystallisation from ether at —25° (8), acetone at — 35° (C and D), or acetone 
at —@ (2). The composition of mono- and poly-ene-acids of the C,, and C,, series was estimated 
spectrophotometrically in selected ester fractions in which (as shown by their saponification equivalents) 
oneaturated C,, acids were not accompanied by unsaturated C,, acids, or in which the latter were 
unmixed with unsaturated acids of the C,, or C,, series. The approximate equivalent of the unsaturated 
C,, esters was detuced from the extrapolated woxdine values, as mentioned easher in describing the analyms 
of the component acids of the original fat (p. 3148). Each of these analyses thus involved a series of 
determinations and consequent calculations of the same nature as those illustrated in Tables I, 11, and III 
for the component acids of the whole fat. These details are not given here, but Table IV shows the 
proportions and characteristics of each of the groups A—G of the glycerides obtained by crystallisation 
and also the percentage composition (by weight and by mol ) determined from the detailed analyses of the 
fatty acids in each group of glycerides 

Tame IV 


Badger fat givceride groups obtained by low-temperature crystallisation 
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Inchucing, in some cases, traces of polyethenoid C,, acids, or tetradecenoic acid 
t See footnote, p. 3142 


The values in the final column for the fatty acid percentages obtained by summation from the seven 
aivceride groups do not accord so well as usual with those determined on the component acids of the whole 
fat (Table I11), but this is probably due in part to slight differences in composition between the acids in 
the neutralised fat and the free fatty acids in the original fat 


If, in the first place, the relative amounts of saturated and unsaturate:! acids in the glycerides of the 
iff nt groups are considered, fraction A is seen to contain some trisaturated glycerides; but the very 
small amount present makes it reasonably certain that these do not occur in any of the remaining 
fractions In the more soluble growps, triansaturated givcerides are evidently present, whilst the 
relatively sparing solubility of monounsaturated disaturated givcerides makes it unlikely that any of 
these, of at most very small traces, will be present in groups FE, F, and G, which may therefore safely be 
taken as binary muxtueres of di- and tri-ansaturated giveerides. Similarly, triunsaturated glycerides 
will have been removed from groups 2 and C, which are thas mixtures of mono- and di-unsaturated 
ty In group D it is however probable that a small proportion of monounsaturated glycerides 

ut it is only poeasible to calculate this as a tunary mixture of di- and tri-unsaturated 

Thus, when due care has been taken to pursue the crystallisation of the original fat toa point 

r no change takes place on further recrystallisation of intermediate fractions, it can be 

maiderable confidence that any one group contains only binary mixtures of tri- and di 

sted. di- and moneo-saturated f monosaturated and triunsaturated glycerides The proportions 
» binary mixtures (Table V, (i)) follow from the component-acid data in Table IV 


The probable approximate proportions in each glyceride group of mono- and di-palmito-glycerides 
Table V i)), and of momo- and di-cleoglycerides (Table V_ (tit), cam be deduced on similar lines, although 
af urge the degree of segregation of the unsaturated glycerides, at all events, cannot be postulated so 
ertainly as in the case of the various categories of saturated-unsaturated glycerides. Summation of all 
the data s calculated (Table V, final column) nevertheless affords an approximate measure of each of the 
lifferent glyceride categories present in the orginal fat 
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Tastx V 
Component acid and glyceride categories tn the glyceride groups A-—G 


p a B Cc D B. F 
Glycerides, % (mol.) ......... . 9 17-3 186 19-1 10-7 


Component acid categories (increments, % mol.). 
Myristx 
Palmitic 
Steark 
Hexadecenon * 
Nex 
Octadecadienoic 
Octadecatriencic 
Unsaturated C,, 


oy drip ari aes 
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* Including, in some cases, traces of polyethenoid C,, acids, or tetradecenoic acid. 


Component glyceride categornes (increments, % mol.). 
Trisaturated 
lisaturated-monosaturated 7 f eS 
Monosaturated-diunsaturated ’ 11-8 wot 
Trunsaturated . - 90 


) Dipalmito- 
Monopalmito 
Ne palmitic group 


Dicheo- 
Mono-oleo- 
No oleic group 


} Diunsaturated ¢ . 
Monounsaturated C,, ° 2 57 68 | 
No unsaturated C,, group 656 116 #%183 #123 56 
The proportions of myristic, stearic, hexadecenoic, octadecadienoic, and octadecatrienoic acids in all 
the groups of glycerides are small enough to indicate that each contributes only one acy! group to any 
triglyceride in which itis present. This also applies to the unsaturated acids of the C,, series, except that 
very small proportions of glycerides containing two acy! radicals from this group were indicated 
in glyceride group G 


We record our thanks to Mr. E. G. Neal for providing the specimen of badger fat, and to Dr. L. 
Harrison Matthews for putting os in contact with Mr. Neal. We thank the Government of India for a 
scholarship held by one of us (5S. S. G_) during the course of this work 


Tue University, Liverroor. (Received, July 19th, 1950.) 





614. The Ribose Nucleic Acid Content and Cell Growth of 
Bact. lactis wrogenes. 


By P. C. Catpwett, E. L. Mackor, and Sir Cyrit Hinswetwoop 


The amount of ribose nucleic acid in Bact. lactis @rogenes is shown to be approximately 
proportional to the rate at which the cells have grown. This applies to cultures taken from 
various nutrient media, with and without inhibitors, and to slow-growing mutants produced by 
ultra-violet irradiation 


During growth little of the nucleic acid phosphorus is exchanged with the medium, as 
shown by the use of ™P 


Ix a previous communication (/., 1950, 1415) observations on the nucleic acid content of cells 
of Bact. lactis @rogenes were described. These showed that the amount of deoxyribose nucleic 
acid per cell remained approximately constant even if the organisms were grown in a wide 
range of conditions. The ribose nucleic acid content, on the other hand, showed considerable 
variations. 

There is some evidence, due mainly to the work of Caspersson and his school, indicating 
that the rate of synthesis of protein in cells is in some way connected with the quantity of 
ribose nucleic acid which they contain, (See for instance, Caspersson, “ The Relations between 
Nucleic Acid and Protein Synthesis,” Soc. Exp. Biol. Symposium No. 1, p. 127.) Furthermore 
Malmgren and Hyden (Acta Path. Microbiol. Scand., 1947, 24, 448) have studied by ultra-violet 
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absorption methods the nucleic acid content of various species of bacteria during growth in 
broth, and consider that their results show a relationship between the nucleic acid content and 
the rate of growth of the cells at various stages of the growth cycle. In the work to be described 
in this paper an attempt has been made to correlate the ribose nucleic acid content of cells of 
Bact. lactis arogenes grown under rather widely differing conditions with the corresponding rate 
of growth 


Pic. | 


i A 
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20 40 
Reciproca/ of mean generation time (min 1 107) 
1. Phenol 06-00%. 2. Phenol 0-06%. 3. m-Cresol 0-08%. 4, Succemic acid. 5. Proflavine 120 mg./l.* 


6. Proflawimne 8 mg/l* 7. Deeyl alcohol (12% of a saturated aqueous solution). 8%. Veronai 9-23 
mg. il. 9%. Proflawine 40 mg/l 10. Glucose medium, anarobie conditions. 11. Malic acid. 12, 


13, 14, 15. Nowmal glucose medium. (11 wall be noted that these values are somewhat higher than that 
published in a previous paper. The earlier result is now considered to be untypical since the culture 
upon which the measurement was made was stored for a time at O° om corcumstances which would allow 
i to grow. Since growth at this lemperature is cory much slower than ai 40° some alieration of the 
ribose wucleic acid content would probably have taken place.) 16. Colchicine 0-1%. 17. Broth 

* These values were obtained for cells trained to these concentrations. The result reported pre- 
viously applied to untrained cells undergoing their first subculture in the presence of proflavine 


The study falls into three parts. In the first, cells of a normal strain of Bact. lactis arogenes 
have been examined after growth in different media, or in the presence of drugs. In the second, 
slow growing “ mutants," produced by irradiation of the cells with ultra-violet light are 
investigated. These mutants show a wide range of mean generation times in the normal glucose 
medium and it is of interest to look for some connection between the rate of growth and the 
ribose nucleic acid content, since this might yield information about the nature of the damage 
which the radiation has inflected on the cells. Finally, the rate of exchange of the organic 
phosphorus under different conditions has been investigated in the hope that experiments of this 
type might provide a clue to the mechanisms involved in the functioning of nucleic acids. 

For the nucleic acti estimations cells were usually grown in a medium containing phosphate 
buffer, glucose, ammonium sulphate, and magnesium sulphate, both arobic and anrobic 
conditions being employed. In certain experiments various toxic agents such as m-cresol 
(0°'8%), proflavine (40, 80, and 120 mg/l), phenol (06 and 0°9%), decyl alcohol (12% of a 
saturated aqueous solution), and veronal (93 mg./l.) were added. In others, different carbon 
sources, such as malic acid and succinic acid, were substituted for glucose. In one experiment 
cells which had been grown in broth were studied 

The ultra-violet mutants were usually examined after growth in the normal glucose culture 
medium under wrobic conditions. On two occasions they were investigated after growth in 
broth 

Ribose Nucleic Acid and Growth Rate.—The results of the experiments on growth rate and 
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nucleic acid content are summarised in Figs. 1, 2, and 3. Fig. | shows the ribose nucleic acid of 
normal cells (expressed in terms of cell mass), from a variety of media, plotted against the 
reciprocal of the mean generation time (i«., a quantity proportional to the rate of growth). 
A roughly linear relation exists between these two quantities. 
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A similar plot for the ultra-violet mutants is given in Fig. 2 which shows that a similar 
relation holds. The values obtained with various mutants, each growing at a different rate, 
are with those obtained for normal cells growing in the normal glucose medium. 

In Fig. 3 the ribose nucleic acid per cell is plotted against the reciprocal of the mean generation 
time. Here the values for normal! cells and mutants are given on the one diagram. There is 
not much to choose in respect of linearity between Fig. 3 and Figs. | and 2. 

The general conclusion to be drawn from these experiments is that the ribose nucleic acid 
content of the cells is approximately proportional to the rate at which they have actually been 
growing in the culture from which they are taken. It would appear, therefore, to reflect the 
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circumstances prevailing in the culture upon which the measurement was made rather than to 
give any indication of future capabilities of the cells. 

This results suggests, however, a close relation between the rate at which the cells can grow 
and the rate of synthesis of ribose nucleic acid. An attractive explanation for the slow growth 
of the ultra-violet mutants might have been that the action of the radiation resulted in the 
destruction of some of the ribose nucleic acid of the cell, and that they were therefore incapable 
of growing at the normal rate. If this were so, the slow growth observed in the norma! glucose 
medium should persist when the mutant is cultured in broth, the ribose nucleic acid level being 
unaltered. Two values obtained with mutants growing in broth are shown in Pig. 2, from 
which it is seen that they grow at the normal rate, and that their ribose nucleic acid content is 
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very much higher than in the synthetic medium. It seems likely, therefore, that the radiation 
has damaged some other component of the cell, and that the ribose nucleic acid content assumes 
a value characteristic of the rate of growth of which the injured cell is capable 

These experiments have shown a hyperbolic relationship between mean generation time and 
ribose nucleic acid content. Malmgren and Hyden (loc. cst.) found a relationship of this form 
between the nucler acid newly formed per cell and the time elapsing between two divisions, the 
measurements being made at different stages of the growth cycle in a single medium (broth) 
Thetr measurements, while indicating the type of relationship which might be expected, did not 
indicate the extent to which the two different types of nucleic acid contribute towards it. 

If the results given in this paper are combined with those of the previous paper and referred to 
in the introduction, the following general conclusions can be drawn 
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1. The deoxyribose nucleic acid forms an approximately constant component of the cell 
and probably causes the onset of division. 

2. The ribose nucleic acid content of the cells is approximately proportional to the rate at 
which they are growing and is probably closely concerned in autosynthesis. 

Exhange of Organic Phosphorus during Growth (Experiments made in Collaboration with 
Dr. C. J. Danby).—An example typical of the results obtained in exchange experiments with 
™P is shown in Fig. 4. During the phase of logarithmic growth, when protein synthesis is at 
its height, not more than 10% of the organic phosphorus which was originally present is 
exchanged. These experiments suggest, therefore, that while the nucleic acid is actually 
participating in the synthesis of protein, little of its phosphorus undergoes exchange, which 
means that the molecules probably remain polymerised during this process 

During the stationary phase, however, a considerable loss of the active phosphorus takes 
place from the cells. A similar result is found for cells which are fermenting glucose in the 
absence of a nitrogen source, a large decline in activity taking place but only after the pH has 
fallen below 5°5. This loss probably arises from the hydrolysis of nucleic acid rather than from 
a turnover of its phosphorus. In the control experiment in the veronal-saline buffer containing 
no phosphate, where a decline in the activity of the cells can only take place as a result of a direct 
loss of phosphorus, exchange being impossible, very little alteration is observed, even after 
48 hours 


EXPERIMENTAL 


The methods used for estimating cell number and cell mass, ribose nucleic acid, and the general 
procedure for the growth of the cultures were described in the previous paper (/., 1950, 1415) 


Measurement of Mean Generation Time.—-During the gees of the culture, 2-ml. samples were 
removed at intervals and treated with formaldehyde he orgame nitrogen content of each was 
measured turbidimetrically and the mean generation time was calculated from these determinations. 
In most of the examples studied, the mean generation time was measured with the actual culture upon 
which the determination of ribose nucleic acid was carried out. In certain instances, however, the two 
determinations were made with separate cultures 


Preparation of the Ultra-violet Mutants.— These were ed by Mr. A. Dean, who obtained them by 
irradiation of a suspension of normal cells in saline with ultra-violet light. The mutants were selected 
after irradiation (2540-—2800 a.) by the normal plating technique (cf. Lederberg and Tatum, /. Biol 
Chem. 1946, 165, 381) 


Exchange Experiments with ™P.—- The cells used in these experiments were taken from cultures grown 
in glucose-veronal media which contained radioactive phosphorus. These media were so constituted 
that exhaustion of the phosphorus was the factor limiting growth. This precaution was observed to 
ensure that most of the cell phosphorus would be in the form of polymeri nucle ack rather than in 
the form of phosphorylated nucleic acid intermediates 


These radinactive cells were then suspended in three different media a standard glucose-veronal 
medium containing inactive phosphate; a glucose-veronal medium lacking nitrogen but containing 
inactive phosphate; a veronal-saline buffer containing no phosphorus. The quantities of inactive 
phosphorus present in the first two media were about 100 times greater than the active phoephorus in 
the cells. Complete equilibration of the cell phosphorus with that in the medium would reduce the 
activity in the cells to 1% of its original value 


At intervals after inoculation, two samples were withdrawn from each culture. The first (2 ml.) was 
treated with formaldehyde and later used for estimations of cell count. The second (20 mi.) was 
centrifuged and the cell mass was transferred to an aluminium dish and dried, The activities of the 
samples were then measured. (In certain experiments where the number of colls in the sample was 
small, a quantity of a culture which had been grown in inactive phosphate was added as a carrier before 
the centrifuging.) pH determinations were occasionally made on a third sample of the culture 


The percentage of the original radioactive phosphorus which remains in the cells at different times is 
given by the expression 


“a 100 x Activity present in the cells in 20 ml. of culture at the time of sampling 


° 


’ Ketivity present in the cells in 30 mi. of cult ure at the beginning of the experiment 


This expression is independent of the actual number of cells present at the time of sampling and gives an 
exact estimate of the phosphorus turnover. 


Since about 80°, of the cell phosphorus has been shown to be nucleic acid, any large decrease in the 
percentage of active phosphorus should reflect an exchange or loss of nucleic acid phosphorus. 


Puysicat Cuemistry Laporatory, Oxrorp University. (Received, July 26th, 1960.) 
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615. Some Considerations on Autosynthesis in Bacteria. 
By P. C. Catowett and Sim Cyan Hinsnetwoop 


An autosynthetic mechanism which takes into account the mutual influence of protein 
and nucieic acid ts discussed in relation to various experimental! findings 


Iw this paper we shall discuss certain general characteristics of the autosynthetic processes 
occurring in cells and shall endeavour to relate the conclusions to the experimental observations 
contained in the immediately preceding and other papers. Each component of the bacterial 
cell obeys an autocatalytic law when growth takes place. Here we shall concern ourselves 
only with the three most important types of substance encountered in living systems : proteins, 
ribose nuclee acid, and deoxyribose nuclesc acid. A large amount of experimental evidence, 
which includes the results given in the preceding paper, suggests that the nucleic acids play an 
important part in the formation of proteins (see, for instance, Caspersson, Soc. Exp. Biol 
Sympossum No. 1, “ Nucleic Acid,” p. 127), and the theoretical implications of this 
interrelation will be examined in detail 

Picture of Autosynthesis —In the consideration of autosynthesis certain analogies from the 
non-living world provide a useful basis for the formulation of ideas. The first of these is the 
analogy with polycondensation reactions, in which an indefinite extension of existing structures 
occurs by the addition of new monomer units, sometimes in a repeating pattern if these units 
are of more than one kind 

This kind of idea is an essential of the simplest theories of autosynthesis which seek merely 
to provide a mechanism for the formation of polymerised materials. These theories, which 
consider autosynthesis only from the rather restricted point of view of the formation of proteins, 
owe their origin to the fact that the action of proteolytic enzymes can, under suitable conditions, 
be reversed. Behrens and Bergmann (see Bergmann, Adv. Enzymol., 1941, 1, 92) showed, for 
instance, that benzoylphenylalanyliglycylglycylanilide was formed from benzoyl-1-phenyl- 
alanyigiycine and glycylanilide in the presence of cysteine-papain. The product being insoluble 
is precipitated and is thereby protected from the degradative action of the enzyme. Peptide 
synthesis in cells might occur by this sort of mechanism in cases where the product is not 
precipitated if there were other suitable means of protection. Incorporation into a nucleoprotein 
complex might provide the required type of stabilisation, and Chantrenne (quoted by Brachet, 
Soe. Exp. Biol. Symposium No. 1,“ Nucleic Acid,” p. 215) has suggested that in protein synthesis 
the function of nucleic acid is to provide this 

This simple mechanism suffers from one serious drawback in that it fails to give a picture of 
the formation of proteins possessing specific properties. The specificity of a proteim molecule 
must involve the arrangement of amino-acids in the peptide chain It has been ascribed 
by Pauling (Endeavour, 1948, 7, 43) to the folding of the chain, and since this is probably 
governed by the arrangement of amimo-acids in the molecule—in particular by the relative 
positions of polyfunctional amino-acids capable of forming cross-linkages—-these two views are 
equivalent 

The production of specific molecules by the processes outlined above would involve the 
controlled action of a large number of proteolytic enzymes, each of which was specific for the 
peptide bond between two particular amino-acids 

Although these enzymes show a certain degree of specificity this, in general, seems to be 
limited, which means that in polypeptides synthesised by them the arrangement of amino-acids 
would be comparatively indiscriminate. The probability of an arrangement which would confer 
enzymatic properties on the molecule is small, and the number of abortive syntheses giving rise 
to metabolically useless products should far outweigh fruitful syntheses. It could be argued 
that the nucleic acids, in virtue of some feature of molecular arrangement, might combine 
preferentially with the active molecules and stabilise them, leaving the mactive molecules to 
undergo degradation to simple peptides and amino-acids which could be re-polymerised. It is 
extremely difficult, however, to reconcile an undisciplined mechanism of this type with the 
efhexency which is usually characteristic of biological processes. 

Although random synthesis may be operative in the chance evolution of new protein 
patterns, it clearly cannot be responsible for the bulk of protein synthesis in the cell and some 
other factor must be operative. 

It ts at this stage that another idea derived from the non-living world must be brought into 
the discussion. This is the analogy between autosynthesis and crystal growth. In the 
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formation of crystals, a chaotic assembly of atoms of molecules is converted into an ordered 
structure. Once nuclei have been formed, the factor which encourages further growth and 
compels the disordered molecules into an ordered array is the existing pattern of forces on the 
crystal surface 

Here an ordered structure catalyses its own formation In autosynthesis, similar factors 
could govern the duplication of pre-existing structures, the arrangement of the units in a 
molecule of the polymerised material dictating the crystallisation and formation of replica 
molecules in its vicinity. 

The simplest autosynthetic systems, typified by the viruses, are nucleoproteins, and an 
entity of this type must provide the model for the further development of this idea 

The hypothesis will now be advanced that autosynthesis depends essentially upon a 
co-ordination of the following kind; in the synthesis of protein, the nucleic acid, by a process 
analogous to crystallisation, guides the order in which the various amino-acids are laid down ; 
in the formation of nucleic acid the converse holds, the protein molecule governing the order 
in which the different nucleotide units are arranged. (This would mean that if the proteolytic 
enzymes did form part of the autosynthetic mechanism, they would necessarily operate in close 
association with nucleic acid, and that the processes of synthesis and stabilisation would 
coincide ) 

The hypothesis that the configuration of a nucleic acid can control the arrangement of 
amino-acids in a protein raises the question of the molecular interpretation of this process. 
Astbury (Sec. Exp. Biol. Symposium No. 1, “ Nucleic Acid,” p. 66) points out that the spacing 
between the residues in a polypeptide is approximately equal to that in a nucleic acid. This 
suggests some sort of correspondence between the units in the two kinds of polymer. In a 
protein, about 23 different amino-acids may occur, whereas in a nucleic acid only 5 basic units 
are found—two pyrimidine nucleotides, two purine nucleotides, and ribose phosphate. Clearly 
there cannot be a one-to-one correspondence between the position of an individua! amino-acid 
in the protein part of a nucleoprotein and the position of an individual nucleotide in the nucleic 
acid part. If, however, it is assumed that, in the synthesis of a protein at the surface of a 
nucleic acid polymer, the amino-acid side-chain which is guided into a particular place depends 
on the nature and relative position of two adjacent nucleotide units, the difficulty can be over- 
come. Twenty-five different internucleotide arrangements are possible, and this is of the right 
order to give correspondence with the number of different possibilities in a protein chain. 

If the nucleoprotein is accepted as a model of autosynthesis, and the reciprocity between 
the two components gives rise to their mutual synthesis, the cel] must be considered to contain 
a large number of different autosynthetic nucleoprotein units, the protein parts of which possess 
specific enzymic properties. In the normal course of events the protein part is formed in 
excess and, in addition to contributing to the actual autosynthetic process, participates as an 
enzyme in the metabolism of the cell. 

Mathematical Formulation and Experimental Relations —We may now attempt to formulate 
mathematically the ideas which have been developed in the previous section, and to examine 
the extent to which they agree with the experimental findings. 

The mutual dependence of protein and nucleic acid in autosynthesis may be expressed in the 
following equations 


For the synthesis of protein we may write 

aP/diw= aX . . te (1) 
(where P signifies protein and X nucleic acid) 
and for the synthesis of nucleic acid we can write 

Co LS Se ee ee, ae 


Interrelated equations of this sort, which typify the most elementary degree of organisation 
imaginable, have been considered previously by Hinshelwood and Lewis (Proc. Roy. Soc., 1947, 
B, 135, 321) who showed that they were consistent with a steady state in which both X and P 
increase autocatalytically. Hence we can also write for the formation of X and P, 


adPidim AP. ieee > = 
and 


ee Ee ee a 
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From equations (1), (2), (3), and (4) we obtain 


X/P = Bik = hin ‘ we ee (5) 
and it can easily be shown that 
A =m (a8)! PO ae er (6) 


These notions can be applied to the behaviour of nucleic acids and proteins in cells 
Equation (5) would indicate a complex relation between XP and 4 if both a and § showed wide 
simultaneous variations. In the foregoing paper, however, it has been shown that the ribose 
nucleic acid content per unit of cell nitrogen is approximately proportional to 4 for cells grown 
under a wide variety of conditions. (The total cell nitrogen contains from 5 to 25%, of purine- 
nitrogen according to the rate at which the cells have grown, the remainder being protein- 
nitrogen. This disturbance is not, however, sufficiently large to mask the general form of the 
relation between the ribose nucleic acid and the protein of the cells.) The experimental result 
would receive a simple interpretation, therefore, if X were identified essentially with ribose 
nucleic acid (R), and if a were taken to be approximately constant over a wide range of 
conditions, the effect of which on the growth rate would be expressed mainly by changes in §. 

Such a state of affairs is by no means unlikely. It would mean that the formation of protein 
under the directing influence of nucleic acid is an approximately constant function. On the 
other hand, it would suggest that the influence of the total protein of the cell on the formation 
of nucleic acid varies rather widely. The enzymic composition of cells is known to be susceptible 
of great variations, and this probably entails considerable changes in the relation of dX /dé to P, 
t4., m6 

In a very general way this result could be expressed by saying that the nucleic acid is the 
seat of the more stable properties of the cell, while the protein is the seat of those properties 
which are more liable to modification by the environment 

The Two Kunds of Nuclewe Acid — According to equation (5) the plot of nucleic acid content 
per unit of cell-nitrogen against growth rate should pass through the origin. There is, however, 
ho reason to suppose that the curve should be more than approximately linear. The diagrams 
of the preceding paper show in fact a linear relation for ribose nucleic acid (R) and growth rate, 
and despite the scatter of the points it seems clear that the line is directed towards the origin. 
It might have been expected that such a relation would bold rather for the total nucleic acid 
than for the single component, but if the plot is actually made of total nucleic acid there is a 
finite intercept (of about 02 unit) as the growth rate tends to zero. This would appear to 
suggest that the equations for autosynthesis outlined in the last section apply essentially to the 
ribose nucle aca itself, and that the contribution of the deoxyribose nucleic acid (D) to the 
synthesis of the cell-protein ts much smaller in magnitude 

The question of the function of the deoxy-acid now arises. It is present in approximately 
constant amount per cell, and is therefore clearly an important agent in determining cell 
division. It is not even approximately a constant fraction of the ribose nucleic acid. The 
ribose nucleic acid per cell, virtually K/D, is related to 4 much as K/P is related to it (cf. Fig. 3 
of the preceding paper), which suggests another interdependence of the approximate form 
dD ds ; kK 

The possible implication that deoxyribose nucleic acid is directly formed from the ribose 
nucle ack not at first sight a very acceptable one, though perhaps it cannot be entirely 


rejected some means this transformation occurred, and if the structure of the ribose 
deoxyribose system became unstable when a critical amount of the second were built up, some 
f explanation of cell division would be provided 
ems much more likely, however, is that the deoxyribose acid is formed indirectly 
bose component by a process of depolymerisation (accompanied by an unknown 
tide breakdown) and then resynthesis after conversion of ribose into deoxyribose 
f the former by the lattes In this case we might have dD ‘dé proportional to 
t, of a substance derived from ribose nucleic acid, « being proportional, or 
rtional, to the total amount of the mbose nucleic acid in the cell 
» the end of the growth cycle when the medium becomes depleted of phosphorus 
an extensive conversion of the mbose nucleic acid into deoxyribose nucleic acid 
1 by the fact that division (with maimtenance of the 


tinues { 


ies for a considerable time after phosphorus 
starvat ww) sets i 


Ribose nucler acid im certain respects (¢ g , in alkaline hydrolysis) is a less stable structure 
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than deoxyribose nucleic acid. This property may possibly make it a suitable source of certain 
nucleotides, and possibly even those which after further transformations are the raw material 
for the synthesis of deoxyribose nucleic acid itself. If this idea were correct a relation similar 
to that found for the proportionality of dD/ds and R might well be explained. Clearly it is 
premature to attempt to reach a definite deciston on this matter 

The relative stability of the deoxy-component, and its constancy per cell, perhaps reflect 
its biological function, in so far as it is believed to be the principal seat of the 
unchanging hereditary characters, in contrast with the more changeable ribose nucleic acid 
component. This appears in part to be responsible for the bulk of the protein synthesis, and 
will presumably be the seat of the variable and adaptable characters. 


The authors thank the Department of Scientific and Industria) Research for the financial support 
which has made this work possible. 
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616. The Synthesis of N-p-Aminobenzoyl-pi- and -L-glutamine 
and -DL-isoglutamine. 
By F. E. Kine and P. C. Srensiey 


The dehydration of \-p-nitrobenzoy!-t-glutamic acid gives 4-2’-carboxyethyl-2-p-nitro- 
ye rer nie which by treatment with ammonia and reduction is converted into 
N-p-aminobenzoy!-pt-isoglutamine. With benzyl alcohol the oxazolone forms a-benzy! 
N-p-nitrobenzoy!-pi-glutamate which has been used for the preparation of N-p-aminobenzoyl- 
pi-glutamine. An alternative synthesis of the latter and of the corresponding L-isomer 
from the respective y-monoethy! glutamates is also described. 


Ir has been reported by Auhagen (Z. physiol. Chem., 1943, 277, 197) that in its capacity for 
reversing the inhibitory action of sulphanilamide on the growth of Sireptobacterium plantarum 
10S, N-p-aminobenzoyl-t-glutamic acid is 8—10 fold as effective as p-aminobenzoic acid. 
With the subsequent elucidation of the structure of folic acid, this observation appeared to 
link #-aminobenzoic acid with folic acid synthesis, but although Auhagen’s results have recently 
been confirmed for the related organism, S. plantarum 5S (Nimmo-Smith, Lascelles, and Woods, 
Brit. ]. Exp. Path., 1948, 28, 264), they do not appear to apply to other similar bacterial species 
(see, for example, Williams, J. Biol, Chem., 1044, 156, 85). Alternatively, in view of the 
considerable biological significance of glutamine, it may be that p-aminobenzoic acid is utilised 
in a synthesis requiring N-p-aminobenzoyiglutamine; Woods (private communication) has, 
in fact, postulated the existence of pteroylglutamine in order to explain certain data concerning 
the growth requirements of bacteria. The following synthesis of N-p-aminobenzoyl-glutamine 
and -isoglutamine was therefore undertaken to provide material for microbiological 
investigation 

The method envisaged consisted in the use of N-p-nitrobenzoylglutamic anhydride, as in 
Bergmann’s synthesis of glutamine from carbobenzyloxy-1-glutamic anhydride, or of that 
starting from phthalylgiutamic anhydride which as recently shown (King and Kidd, /., 1049, 
3315), by giving exclusively y-derivatives, offers a direct route to the naturally-occurring 
amide. However, the dehydration of N-p-nitrobenzoyl-.-glutamic acid (I) with acetic 
anhydride gave a racemic product, and since loss of optical activity under these conditions is 
believed to indicate oxazolone formation, the resultant anhydro-compound was regarded as 
4-2’-carboxyethyl-2-p-nitrophenyloxazol-5-one (II). Proof of its structure was to be found 
in the intense violet-blue colour produced on contact with alkalis, a reaction which is the basis 
of the Waser test for a-amino-acids and is ascribed by Karrer and Keller (Helv. Chim. Acta, 
1943, 26, 50) to mesomerism associated with the anion (III) 

The effect of aqueous or liquid ammonia on the oxazolone (Il) was to form an ammonium 
salt, N-p-nitrobenzoyl-p_-isogiutamine, from which was derived by catalytic reduction 
N-p-aminobenzoy}-pt-isoglutamine (IV) characterised by its mono-hydrochloride and -picrate 

To obtain the comparable acylglutamine the oxazolone (II) was first heated in dioxan 
solution with one molecular proportion of benzyl alcohol to form a-benzyl N-p-nitrobenzoy!- 
pi-glutamate (V); use of excess of the alcohol in the absence of solvent gave the crystalline 
ay-dibenzyl ester. By use of the technique of Bergmann, Zervas, and Fruton (J. Biol. Chem., 
1936, 115, 608) for carbobenzyloxyleucine chloride (see also Synge, Biochem. ]., 1948, 42, 99), 
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the monobenzyl ester was converted into its acid chloride which without isolation was treated 
with ammonia giving a-benzy! N-p-nitrobenzoyl-pi-gluta mine (V1). A halogen-free product 
obtained from N-p-nitrobenzoyighutamate a-benzyl ester by warming it with excess of thionyl 
chloride is believed to be 2-carbobenzyloxy-|-p-nitrobenzoylpyrrolid-5-one (VII): a similar 
cyclisation has recently been observed with a-benzyl N-carbobenzyloxyglutamic acid (Berenbom 
and White, /. Amer. Chem. Soc., 1949, 71, 2246). Catalytic reduction of the nitro-group in 
(VI) was accompanied by hydrogenolysis of the benzy! ester thus giving the required N-p-amino- 
benzoyl-or-glutamine (VIII) 


HO,C(CH,) yCH-COVH £t0,C> CH, ~CH-CO,H wi, 
NHCOC, HNO, NHCOC,HyNO, Reduction 
(L.) (IX.) 
" H,N-CO-|CH, CH -COH 
} 
Omi NHCO<,HyNH, 
¥ (VIEL) 
HO,C’(CHY) CH--CO menvon HO,C(CH)yCH-CO,CH,Ph rel, ‘ 
; o ers Kin 4 . " / Redactem 
N==C-C Hy NO, NHCOC,HyNO, NH, 
a (V.) y 


H,N-CO- CH, -CH-COSCH Ph 
NH. | Restuctiw . . 
‘| NH-COC Hy NO, 

; 


¥ wW 
HO,C(CHY yCH-CONH, co He—cH, 
. i. Ox CH-COYCH,Ph 
NHCOC Jy NH, HOS (CHC o ae AP 
; aa oo N 
(Iv) NC mS 
att) Oo COC HyNO, 


(VIL) 


The aminobengoylglutamine was synthesised by an alternative route, starting from 
yethyl ot-glutamate which was prepared by the method employed by Abderhalden and 
Nienberg (Z. physiol. Chem., 1933, 219, 155) for the y-L-ester. The incorrect constitution 
assigned to the latter by these authors was revised by Bergmann and Zervas (ibid., 1933, 221, 
51), and the corrected structure later confirmed by Nienberg (Ber., 1935, 68, 2232), so that there 
appeared to be little doubt that the monoethyl pi-glutamate belonged to the y-series 
Acylation in aqueous bicarbonate with p-nitrobenzoy! chloride gave y-ethyl N-p-nitrobenzoyl- 
glutamate (IX) which reacted with liquid ammonia to form N-p-nitrobenzoyl-p.-glutamine. 
By catalytic hydrogenation the corresponding amino-compound was obtained which was 
identical with the N-p-aminobenzoyl-or_-glutamine (VIII) previously synthesised, thus 
confirming earher suppositions as to the constitution of the anhydro-p-nitrobenzoylglutamic 
acid and its reaction products. From y-ethyl N-p-nitrobenzoyl-t-glutamate, which was 
reduced incidentally to y-ethyl N-p-aminobenzoy|-_-glutamate, p-nitro- and p-amino-benzoyl-L- 
glutamine were also synthesised 

The results of bacteriological tests demonstrate that N-p-aminobenzoyl-pt-isoglutamine is 
unable to replace p-aminobenzoic acid or N-p-aminobenzoy!-_-glutamic acid as a growth factor 
for S. plantarum 5S of 10S, and that N-p-aminobenzoy!l-_-glutamine has only very feeble growth 
activity for these organisms. We are indebted to Dr. H. H. Nimmo-Smith and Dr. D. D. Woods, 
Department of Biochemistry, Oxford University, for this summary of their results. 


EXPERIMENTAL 


4.2) -Cartoryethyl-2-p-autrophenyloxasal-5-ome (11).—Anhydrous N-p-nitrobenzoyl-t-glutamic acid 
(25 g.) and acetic anhydride (80 ¢.c.) were heated on a steam-bath for § hour with occasional shaking 
The resulting solutson was filtered, and when cold was treated with dry ether (150 c.c.) followed by light 
petroleum (b. p. 40-60 250 «.c.) The orazolone separated as a brownish oi) which solidified in the 
course of a day of so at 0 It was collected, washed with ether~petroleum mixture (50 : 50) and stored 
over phosphoric oxide in a vacuum. The product (16-2 g., 70%), m. p. 149", was sufficiently pure for 
most purposes, but when recrystallised from a small quantity of acetic anhydride and washed with 
benzene it gave minute elongated prisms, m. p. 151° (Found: C, 51-8; H, 38; N, 8. C,H yON, 
requires C, 51-8; H, 36; N, 1S The oxazolone was also somewhat soluble in ethyl acetate. It 
dissolved in aqueous alkali to an intense violet solution; with aqueous pyridine the compound gave a 
rather bluer shade 
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Aare pny ame. or tee ed ne. —4-2'-Carboxyethyl-2-p-nitrophenyloxazol-4-one (7-2 g.. 1 mol.) 
was dissolved in warm ydrows dioxan ciwy ded’ "The mtenae viclt coloration which ac aqueous 
ammonia (¢d 0-88; 3 c.c., 2 mols.) was slowly The intense violet which 


Aa et org, om 


io a veeketben of tes state of preparation, in once 
anhydride was dissolved in liquid ammonta, vestotion of the abeve ewihed of preparation, ln welch ths 


av) 1 «6 th pr eenee m ape a -tsoghutamine (3-1 g.) was dissolved 
ye yw and room temperature over palladised 
and _ ete left > sianthae oe, -tsoglutamune as 4 solid, 
: crystallised from water giving small prisms (2 . m. p. 182-183" (Pound ; 
C, 543; H, 5-4; N, 163. Cait WO, requires 3; H, 57; x* ise 
benzoy!-pi-tsoglutamine in et ydrogen chloride was treated with d 
was precipitated as a gum which vcidiaed on'be rubbed with a little alc 
ethanol in —— > crystals, softening at 161-173", m. p. ca. 235° ae (Pound Cc, 
H, 56. C O,N,, HCI requires C, 47-8; H, 53%). A mixture of sat piceic acid 
(12 ¢.c.) oak of prem 


pny pemerege ctr ge -isogiutamine (0-5 g.) in water (5 c.c.) after seenel Oe days —_—, 
yellow needles of the ate which X rock wa as an alcoholate, m 132-133" (Found 
C, 445; H, #2; N, 16-7. C,,H,O.N,C,H,O.N,CH,O requires C, 44-4; rare e N, 15-6%). 

a-Benryi N -p- Nutrobenzoyl-pi-giutamate (V).—-4-2’-Carboxyethyl-2-p- nitrophenyloxazol-5-one (16-2 g., 
5 ae) cnn Giestoad bn tnt eolidoean diane Ob 0.05008 ate tion of benzyl alcohol (6-3 ¢.c., 
1 mol.) the mixture was heated under reflux in an oil-bath at 120° for S hours, Removal of the solvent 
under reduced pressure and trituration of the residual gum with dry ether gave a solid which was ground 
in a mortar with a solution of sodium hydrogen carbonate (5 g.) in water (100 c.c.). Insoluble material 
(2-8 g.) was separated by filtration, and the filtrate acidified (Congo red) with dilute hydrochloric acid 
The precipitate of a-benryl N-p-sitrobenzoyl-pi-giutamate (83 g., 37%) when crystallized from a very 
large volume of 10 » Saree ethanol gave feathery clusters of tiny ea m. p. 146° (Found. C, 
50-1; H, 46; N, 7 alt, ,O,N, requires C, 50-1; H, 47; N, 73% 

Dnbensyl N-p-Nutrobenszoyl-pt-glutamate.—-When 4-2'-carboxyethyl- 2. pm yloxazol-5-one was 
heated with excess of benzyl! alcohol without additional solvent at 100—-110° 3 hours, a very low 
yield of the a-monobenzy! ester remained on trituration with ether. Svagesetion of the combined ether 
washings left a viscous yellow oil which largely solidified in a few days hen this was carefully —— 
with a little ethanol a crystalline powder remained, insoluble in acid and alkali. 
from ethanol gave minute elongated prisms, m. p. 84° and mixed m. p. with benzyl p- yo we enter 
(m. p. 84") 66°. Analysis showed the compound to be dibenry/ oo obenryl-Di-glutamate (Found 
C, 64-9; H, 49; N, 62. C,.H,O,N, requires C, 65-5; H, 50; N, 5-%). 


N-p-Nitrobenzoyl-pt-glutamine a-Benryl Ester (V1).—e-Benzyl N-p-nitrobenzoyl-pt_-glutamate (1 ¢., 
1 mol.) nded in dry chloroform (25 c.c.) cooled to 0", was treated with powdered vephorus 
ntac hioride (0-6 g.. 1-1 mol.). The mixture was shaken until no further solid dissol and then 
tered, and the filtrate, after being twice 7 ay oueey washed with ice-cold water, was dried (Na,SO,) 
for a few minutes. When the drying had been removed, ether (10 c.c.) saturated at 0° with dry 
ammonia was added. Shortly after, t white precipitate was collected and thoroughly ground in 
4 mortar under aqueous sodium hydrogen carbonate. The insoluble N- DL -glutamsne 
abenevl ester (0- g.. 43%) was collected, washed with water, and dried. It had m. p. 173— 
175° after softening at 128° and was aay ahydrate. Recrystallisation from ethanol gave matted 
we neadies, m. p. 174-176" ( C, 50-7; H, 40; N, 10-8. C,,H,O.N, requires C, 59-2; 
H, 4-9; N, 10-90%) 


2-Carbobenzylory-\-p-nitrobensoylpyrrolid-5S-ome (VII).—-During attempts to prepare a-benzyl N 
nitrobenzoyliglutamic acid chloride using thionyl chloride, the acid was warmed with excess of t 
reagent to 50°. The product isolated after removal of excess of thiony! chloride had m. p. 103° and was 
halogen-free; it was insoluble in sodium carbonate solution, and from analyses @ to be 2-carbo- 
ong 1 -p-matr: 27. (Found: C, 620; H, 43; N, 80 wll, <O,N, requires 

, 620, H, 44; N, 76%) 


N-p-A obensoyl-Di-glit (VIII).—{i) N-p-Nitrobenzoy!-pt-glutamine a«-benzyl ester (0-3 g.) 
in warm ethanol (15 c.c.) was hydrogenated with palladised charcoal catalyst at room temper. 
ature and 2—-3 atmospheres pressure. The product separated on the catalyst which was collected 
and extracted with hot water; -p-aminobenzoyl-pi-giutamine (0-15 g., 75%) crystallised on cons 
in minute a Fe m. 222° after recrystallisation (Found: C, "544: H, &7; N, 167 
CyH,,O,N, requires C, 54 3; H, 5 7; N, 15-0%). 

(ii) The hydrogenation of N -p-nitrobenzoyl-pt- ener a 5 g.) (see below) in ethanol (100 ¢.c.) in 

ure and 2-3 atmospheres led to the gee ota 
%) ideatica’ with that from method (i) (Found 5; 
failed to give a picrate under Saedlibens ‘which 
were suscunatel for the corresponding cantons ve of ssoglutamine 


a —Powdered pt-glutamic acid (10 g.) added in portions was shaken with a 
solution of hydrogen chloride (6 g.) in absolute ethanol (100 ¢.c_}. wane yey amp en yh cree 
the liquid was filtered and concentrated in in a vacuum below 30° to about 20c.c. It was then triturated 
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with dry ether (154) ¢ « | and the crystalline y-cthy/ pt-ghutamate hydrochloride (13-3 g., 93%) collected and 
washed with ether. The hygroscopic product, m. p. 106-107", ——. for analysis by precipitation 
with dry ether from « cold ethanolic hydrogen chloride solution (Found: C, 30-7; H, 69; Ci, 16-7. 
CHOWN HO requires C, 30-7; H, 66; Cl, 168%). The hydrochloride (13-3 g.} dissolved in methanol 
(0) cc.) was exactly neutralised with ammonia (35c.c.. d0-88). The precipitated y-ethyl DL-glulamate 
(%3 g., 70% from glutamic acid) crystallised from ueous ethanol in fine pearly plates, m. p. 187° 
(decomp.) (Found: C, 461; H. 7-2; N, 8&3. C,H,ON requires C, 480; H, 7-4; N, 80%) 


y Ethyl N-p-Nitrobensoyl-pi-giutamate (IX) —y-Ethyl pi-glutamate (7-0 g., 1 mol.) dissolved in 
water (120 «.c) contaraing sodium hydrogen carbonate (3.36 g., | mol.) was treated at room temperature 
with p-nitrobenzoy! chloride (7-5 g.. | mol.j dissolved in dry dioxan (to total volume of #0 cx and 
s-aqueous sodium hydroxide (40 ¢ ¢., | mol.) added simultaneously with stirring during | hour. The 
deep reddish-purpie colour which developed as the reaction proceeded gradually faded during a further 
1 hour's stirring, after which the solutson was filtered and acidified (Congo red) with concentrated hydro- 
chiorte acid. The precepitated o! was collected by three extractions with chloroform, the combined 
extracts being washed with 2n-hydrochloric acid and water, and then dried (Na,SO,). Evaporation 
under reduced pressure left y-«tay/ N-p ntfrobenzoyl- pi -giutamate as a gum which soon solidthed, and on 
crystallisation from a large quantity of 10%, aqueous ethanol (ca. 400 ¢.c.) formed rectangular prisms 
(65 ¢., 0%), m. p. 112-116" (Found; C, 620; H, 45; N.&7. C,.H,.O,N, requires C, 51-0; H, 49; 
N, #6%,) 


N-p- Nutrobensey!-ot giutamune —y-Ethy! N-p-nitrobenzoyl-pi-glutamate (4-8 g.) was dissolved in 
excess of liquid ammoma, and the solution pot in an autoclave at room temperature. Next day, the 
pressure was released and the ammonia allowed to evaporate The residual gum was dissolved in a 
small amount of water, and the solution acklified (Congo red) with Sn-hydrochloric acid, the crude 
prodect (4-4 ¢.), which rapidly hardened, then being taken up in hot water The warm solution was 
decanted from resinous material (later wlentihed as impure ethyl p-nitrobenzoyigiutamate) which first 
separated, and was left at O° overnight The microcrystalline N-p-sitrobensoyl-pi-glutamime (2-5 g., 
57%) had m. p. 178-181", raised by repeated crystallisation from water to 191—-193 The m. p. of a 
mixture with N a nitrobenzoy!-oL-ieogiutamine (m. p. 185°) was ca. 174° (Found: C, 487; H, 45; 
N. 163. CyH YON, requires C, 465, H, #4) N, 142%) 

y Ethyl Nop Nutrobensoyl glutamate The 


same procedure was adopted as for the pt-compound 
above 


the yield of y» ethyl N-p-mstrobensoyl-t-glutamate after one crystallisation from 10%,-aqueous 
ethanel being 67%. Two crystallisations gave hair-like needies, mp. 114-115", approximately 
1) times as soluble in 10% ethanol as the pt-compound (Found: C, 51-9, H, 46; N, 8 8®*,) 

y Ethyl N-p- Aminobensoyl--glutamate..-y-Ethy! N-p-nitrobenzoyl-i-glutamate was dissolved in 
ethanol and hydrogenated over palladised charcoal. Kemoval of catalyst and solvent left a brownish 
gum which when dissolved in acetone and carefully treated with benzene gave y-cthy! N-p-aminobenzoyl 
L-giutamate, m. p., after recrystalliaation from water, 128-120" (Found: C, 57-5; H, 61; N, O4 
CH, ON, requires C, 57-1; H, @1; N, &5%) 

N-p- Nutrobenzoyl-L-glutamine.—The method of preparation corresponded with that used for the 
pL-compound, N-p-nitrobenzoy!-t-ghutamine, m. p. 173-—175° (81%), bemg obtaimed almost pure after 
I crystallisation from water. Recrystallisation from water gave irregular-shaped crystals, m. p. 175 
176°, (a)}? in »-sodium hydroxide, 20-:1° (Found: C, 401; H, 44% 

N-p Amimobensoy! L-glutamine N->-Nitrobenzoy!-:-clutamine (30 g.) was dissolved in warm 
methanol (60 ¢.¢ ) and hydrogenated over palladised charcoal at room temperature and 2-3 atmospheres 
pressure After evaporation of most of the solvent, product and catalyst were collected and extracted 
with a little hot water. On cooling, the solution deposited N-p-aminobenzoyl-t-giutamine, m. p. 197", 
a Pin Ss sodiam hydroxide + 25°, and in N-hydrochloric acid 8° (Found: C, 542; H, 5-6; N, 15-6%) 
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617. The Detection of Glycosides and Non-reducing Carbohydrate 
Derivatives in Paper Partition Chromatography. 


By J. G. Bucuanan, C, A. Dexker, and A. G. Lone 


Non-reducing sugar derivatives and 1. 2-glycols may be detected on paper chromatograms 


by methods depending on their specific reactions with sodium metaperiodate or lead tetra- 
anetate The Dische and the FPeulgen reaction have also been adapted for use in paper 


cbromatography These methods have been used successfully to investigate mixtures of 
nacleosides and nucleotides 


Tue application of paper chromatography to the separation and identification of carbohydrates 
has been extensively investigated (Hirst and Jones, Faraday Soc. Discussions, 1949, No. 7, p. 268 ; 
Partridge, Biochem Soc. Symposia, 1949, No. 3, p. 52; Hough, Jones, and Wadman, J., 1950, 
1702 For the most part the methods adopted have involved location of the compounds on the 
chromatograms by chemical reactions dependent on their reducing properties. Such methods 
are clearly wapplecable to non-reducing carbohydrate derivatives save in the case of certain 
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disaccharides which undergo hydrolysis under the comparatively vigorous conditions emploved 
Attempts to meet this difficulty have been made by Pacsu, Mora, and Kent (Science, 1969, 110, 
446), who used alkaline permanganate as a spraying solution, and by Hough (Nature, 1950, 165, 
400), who exploited the surprising reactivity of certain non-reducing carbohydrates towards 
ammoniacal silver nitrate. We have observed that potassium mercuri-iodide ts similarly reduced 
and the site of reaction is located by the appearance of a metallic zone. 

Such reagents as the above are by no means specific and since a general method for detecting 
and identifying non-reducing carbohydrate derivatives was necessary for various investigations 
current in this laboratory it was decided to utilise for the purpose the peculiar properties of 
polyhydroxy-compounds. The ability of efs-diols to form boric acid complexes (Béeseken, Ber, 
1913, 46, 2612: Rec. Trav. chim., 1921, 40, 354, 553), which are stronger acids than boric acid 
itself, makes it possible to detect cis-dliols by means of a borate-indicator spray. Unfortunately, 
such differences in acidity could only be detected if inconveniently large amounts of material 
were used in the chromatography, but nevertheless mannitol and sortitol could be located by using 
tetrabromophenolphthalein ethyl ester as the indicator (cf. Feig!, “ Qualitative Analysis by Spot 
Tests,” Elsevier, 1939, p. 345). 

Feig! (op. cit., p. 272) had described a method for detecting 1 : 2-glycols, on a micro-scale, by 
periodic aad. This technique has now been adapted for use in paper chromatography. After 
oxidation, the iodate and excess of periodate were reduced with sulphur dioxide, and the aldehydes 
detected with Schiff's reagent. Dialdehydes gave stable blue or purple stains, but mono- 
aldehydes reacted more feebly, and precautions had to be taken to prevent their destruction 
by aerial oxidation. While this work was in progress we became aware that Hotchkiss (Archiv 
Biochem ., 1948, 16, 131) had used a similar technique for staining certain cell constituents. This 
author's theory of the formation of dialdehyde-dye complexes receives some support from our 
work. 

The method gave positive results with every 1 : 2-glycol tested (see Tables I and II, where R, 
values of compounds which react positively are given), and was satisfactory for quantities of 
10 ug. or, in many cases, less. Asa means of identifying the components of mixtures of unknown 
reducing and non-reducing carbohydrates, it can be applied in conjunction with other spraying 
reagents (¢g., aniline hydrogen oxalate, which is specific for reducing carbohydrates). In the 
case of 1: 2: 3-triols, formic acad occurs among the periodate oxidation products (Jackson, ‘* Org. 
Reactions,” 1944, Vol. II, p. 341). This too could be detected on the paper, even in the presence 
of weak organic acids or bases, by converting excess of periodate into jodate with ethylene glycol 
and subsequently applying potass.um iodide solution. Zones containing formic acid were marked 
by an iodine stain, the acid being strong enough to promote reaction between the iodide and the 
iodate. The terminal system *CH(OH)-CH,OH. in a molecule yields formaldehyde during 
periodate oxidation. Attempts to detect this aldehyde by using chromotropic acid (Feig!, op. cit., 
p. 327) were successful only when relatively large amounts of the original diol were used, because 
the accompanying iodide and sulphurous acid, or iodate, appeared to render the colour reaction 
less sensitive and very slow 

A benzene solution of lead tetra-acetate applied as a spray furnished an alternative method 
of detecting 1: 2-glycols. When the solvent had evaporated from the paper, the unused tetra- 
acetate was hydrolysed to brown lead dioxide so that the glycols appeared as white zones on a 
brown background. This reagent was also applied successfully to a-hydroxy-acids, pyruvic 
acid, and dihydroxyacetone. In no case was the reaction sufficiently vigorous to effect any 
noticeable oxidation of the paper itself 

These methods are widely applicable. Thus, for example, by using either periodate or lead 
tetra-acetate it was a simple matter to follow the separation of 6: 7- and 9; 10-dibydroxystearic 
acids * and of the pi- and meso-forms of tartaric acid. We were particularly interested in the 
success of the periodate method with glycosides, especially nucleosides and nucleotides. The 
methods available for the detection of such compounds on a chromatogram have hitherto 
depended on the presence of a purine or pyrimidine nucleus (for summary, see Beale, Harris, and 
Roe, J, 1950, 1397), or of a phosphate residue (Hanes and Isherwood, Nature, 1949, 164, 1107), 
and a technique for the detection of the carbohydrate component would clearly be of value. We 
have found that the oxidative methods described above are satisfactory for this purpose 

Periodate oxidation of N-glycosides was first used by Lythgoe and Todd to investigate the 
size of the lactol ring in natural and synthetic nucleosides (J., 1944, 592; Davoll, Lythgoe, and 
Todd, J., 1946, 833), and to establish the position of the phosphate residue in the naturally 
occurring nucleotides (Nature, 1045, 156, 695). The furanoside nature of the deoxyribose com- 

* Geneva numbering (CO,H = 1). 
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ponent of four deoxyribonucleosides has also been confirmed by this methed (Brown and 
Lythgoe, /., 1960, 1990). The periodate spraying technique has now been applied to these 
compounds, and in every case the results have been in full agreement with those of 
Lythgoe and Todd. Purple or blue colours have been obtained with al! the ribonucleos- 
ides and with muscle adenylic acid, but none of the nucleotides derived from yeast 
ribonucleic acid shows any reaction. The KR, values of a number of compounds giving a positive 
reaction under these conditions are given in Table Il. Application of these methods to the 
purine giycopyranosides synthesised in this laboratory (see Todd, J, 1946, 647) showed that, as 
expected, they were oxidised to dialdehydes which gave the characteristic colours with Schiff's 
reagent, and also gave formic acid which was detected as described above. When 2’ : 3’-iso- 
propylidene adenosine was treated with neutral sodium metaperiodate in the usual way, no 
oxidation took place, but when acidic periodate was used as the spraying reagent, a blue-purple 
spot was obtained; the acidic reagent effected removal of the tsopropylidene residue, and 
periodate oxidation followed. This may have an application in following reactions in the 
synthesis of nucleotides where the isopropylidene group is frequently used to protect C,,, and 
C.», of the ribose unit 

The sensitivity of this technique for the detection of nucleosides varied considerably with the 
nature of the sugar. Kibofuranosides were detectable in quantities of 20 ug., but for some of the 
other synthetic glycosides the method was less sensitive. The oxidation of the cis-a-glycol 
system of the naturally occurring nucleosides takes place very rapidly on paper. Attempts to 
increase the sensitivity of the reaction for the synthetic nucleosides by varying the strength of 
the periodate solution and by lengthening the time of reaction have been unsuccessful. This 
failure was due, in all probability, to simultaneous oxidation of the filter paper, which contains 
glycopyranose units. 9%-§-p-Glucopyranosyl- and 9-a-p-arabofuranosyl-adenine gave especially 
weak reactions, and neither 96-p-mannopyranosyl- nor 9-$-p-ribopyranosyl-adenine gave a 
colour equa! to that of the ribofuranoside, adenosine. The reasons for this are not quite clear, 
since both of the latter pair of compounds have cts-hbydroxy! groups, and, moreover, the mannoside 
gives the same dialdehyde on oxidation as does adenosine (Lythgoe, Smith, and Todd, /., 1947, 
355) 

Another method of determining whether periodate oxidation has occurred is to treat the 
substance with periodate, destroy the excess of periodate with glycerol or ethylene glycol, and 
subject the resulting solution to paper chromatography. If the compound contains an a-glycol 
system, its oxidation product travels at a markedly different rate (cf, Buchanan, Johnson, Mills 
and Todd, /., 1950, in the press). The lead tetra-acetate spray has also been applied to the 
location of nucleosides on paper. Ribosides were easily detected, but the method was less 
satisfactory for those compounds containing trans-hydroxy! groups 

The deoxyribonucleosides derived from deoxyribonucleic acids are not susceptible to periodate 
oxidation (Brown and Lythgoe, joc. ci.) Other methods for their detection on a paper 
chromatogram were therefore sought. It was considered practicable to adapt existing colori- 
metric methods for our purpose. Both the Dische reaction (Dische, Mikrocheme, 1930, 8, 4), 
and the Feulgen reaction (Peulgen and Rossenbeck, Z. physiol Chem., 1924, 135, 203) were 
found to be suitable, after difficulties caused by the destruction of the paper by the strong acids 
employed had been overcome (see Experimental), The A, values of several natural deoxy- 
ribonucleosides are recorded in Table III. These two reactions have been re-investigated 
recently (Deriaz, Stacey, Teece, and Wiggins, /., 149, 1222; Overend and Stacey, Nature, 1949, 
163, 538) and thew mechanism and specificity have been examined and clamfed It was observed 
that the great difference in the rate of acid hydrolysis of purme and pyrimidine deoxyribo- 
nucleosides enabled a distinction between these two types of glycoside to be made, using either 
the Dische or the Feulgen reagent. Indeed, the lability of the glycosidic linkage in the purine 
deoxynbonucleosides (cf. Chargatl, Eaperientia, 1950, 6, 204) was such that, when the periodate 
spray technique was employed, a pink colour developed due to acid hydrolysis followed by a 
Feulgen reaction. This effect was not observed with the natural pyrimidine deoxyribosides 
Some synthetic 2-deoxyglycopyranosides were available to us (Davoll and Lythgoe, J., 1949, 
2524), and these compounds, whether of the purine or pyrimidine sernes, were oxidised by sodium 
metapertodate, and the products gave brownish-purple colours with Schiff's reagent. 


EXPERIMENTAL 


The paper chromatography was carried out with a descending solvent in the manner of Consden, 
Gordon, and Martin (Biochem, J., 1044, $8, 224). Purthed solvents were employed throughout. Uniess 
otherwise stated, Whatman No. | filter paper was used. 





(1950) in Paper Partition sags 


Peniedate Omdation, followed by Treatment with 
required - (A) 2% aqueous sodium metaperidate, ( prepared ving rosaniline 
fhe) tn water (BOC c), telowed bp duccleciontion eliivanighan diosade (charcoal) and dilutsoa to | |. with 
water. 


The paper chromatogram was dried for 5 minutes at 80° to remove the solvent. A thin spray of 
solution A was appled, and the oxxdatoon was allowed to proceed for 7 minutes at 60° in an a 
of nitrogen. For the purpose of incubation, the paper was placed in a beaker on an edge perpendicular 
to the solvent front so that only lateral displacement of the substance could occur. Sulphur dioxide was 
passed into the beaker until most or all of the iodine liberated was consumed, and the paper was finally 
sprayed with solution B. Coloured zones usually within 3 hours, and in all cases in less than a 
day. This process was accelerated considerably by ing the paper at 60° for 10 minutes. 

heh entdnpter peyoren Magy pow pe oe geny A 1%, aqueous solution of sodium 
metaperiodate was used as solution A and oxidation was allowed to take for 10 minutes at room 
temperature in the open air. The colours with Schiff’s reagent (solution B) were developed by heating 
the paper for about 10 minutes at 85-90". 


Periodate Oridation Detection of Formic Acid.-—Two additional solutions were employed : (C) 10% 
aqueous ethylene glycol, (D) 5% aqueous potassium iodide. 

The solvents were removed as before, and the ayy spray applied. After 7 minutes, solution C 
was sprayed on the paper. 10 Minutes were allowed for the destruction of the excess of periodate, the 
perst being kept in a nitrogen atmosphere as before. Solution D was applied and the positions of the 

2 : 3-triols were indicated by iodine stains on the paper. 


Lead Tetra-acetate Omidation..- The reagent was prepared by dissolving lead tetraacetate (1 g.) in 
benzene (100c¢.c.). The solution was decolorised (charcoal) and filtered, if necessary. 


The dry paper was first moistened with a thin spray of . t was and the 
solvents were allowed to cmgeepe at room temperature. Where oxidat on had white zones 
appeared on a brown background 


General. —All the compounds listed in Table I reacted with both periodate and lead tetra-acetate, 
except for citric acid, lactic acad, and pyruvic acid, which could be located only with the latter reagent 
Formic acid was detected after the periodate oxidation of glucose, glycerol, mannitol, sorbitol, sucrose, 
and maltose 


Taste I 


Ry value. 
‘»-Butanol(4) acetic n- Butanol(20)-acetic acid (5)- 





acid(1)~water(5). water(25)-conc. HC(1).* 

0-19 

O64 

u4s 

O21 

0-19 

on 

oe 

Oos 

003 

0-08 

: woe eeeeeee oo3F 

Potassium glucose-! phosphate = ase 0-03 ~— 
a sete oy = acemna nok abe : OM - 
Gluconic acid ....... 0» 024,)* O18)? 

oa o4as 
pt-Tartaric acid ........ sevansentine 4s 

meso Tartar acid nesstied Oat 

erythro 9 10 Dihydroxystearic acid a 052 —> 0M? 
erythro-6 — 7-Dibydroxystearic acid 
Citric acid _ : 


Lactic acid vy 


Pyruvic acid 
Inhydroxyacetone .. 

) Mineral acid was used to depress the ionisation of the carboxylic ont Logg and Overell, 
Nature, 1947, 160. 87; Australian J. Sci. Res, 1948. A, 1, 98). * Whatman No. 4 was used 
In this case the solvent front moved very rapidly (cf. Kowkabany and Cassidy, Analyt. Chem., 1950, 
22, $17). * Certain carboxylic acids gave diffuse, or even mult zones on the . Separate 
zones are given their respective Rp values, while the extent of the thuse regions is icated. Analog 
ous effects have been noted by Lugg and Overell and by Hanes and Isherwood (Joc. cit.) 


oogenesis nog a = meta gettin ag one ger eed « come bmg 
Sr ive reaction. Staten donintientn, thpaidinn crys Be ee Re gee met 
, cytosine deoxyriboside 
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ackd 2°, adenylix ackd 6°, cytidylic acid, uridylic acid. Formic acid was detected after the 
ee aes onidenian of O6-p ae teen. 9-8->-mannopyranosy!-, 9-8-p-mbopyranosyl-adenine, 
D-giucopyranosy!- and |-p-ara zimunazole 


Tass Il 
Re vaise 
" ‘Propanol(6) 
»-Butanol, »sCollidine ammonia a Butanol(4) 
saturated § saturated (d O-88) (3) water(5 
Compound with water. with water water (1) acetic acid (1). Colour.* 
Adenosine ole O6s oa 
Cytidine #13 ow 
( “anosine oo 22 
Uridine 021 oa 
Adenosine. 5 phosphate 
(uanine deoxynbemde . 017 066 
Hypoxanthine deoxyribomsde oe 
9 « »- Aral» furanosyladenine ole 
9 8 »-Glucopyranosy ladenine OOS ow 
0 2 > Mannopyranosyladenine 009 oar 
%- 2 D- Ribopyranosyladentne O12 0-42 BG 
2). Deosy-p-glacopyranosyltheo 
»hy line Ow BrPu 
‘eoay-pD-ribopyranosyitheo- 
— 040 BrPu 

2’. Deoxy-p-glucopyranosyturacil * 0-22 
1-p- Arabopyranosy!benziminazole * 0.62 78 
1. »4lucopyrancsylbenziminazole * oa 0-82 
2 ¥ 4ss0Propylidene adenosine 0-569 


* This compound was chromatographed on acid-washed paper (Hanes and Isherwood, Joc. cit.) 
* Synthesised by Dr. Irving Goodman of the University of Colorado. * Colours: B, blue; P, pink; 
G, grey, Br, brown; Pu, purple 


Dische Reaction — Detection of Deoxyribomucleosides A 1°, solution of diphenylamine in glacial acetic 
aud, to which 275% by volume of concentrated sulphuric acid had been added, was diluted with one-half 
of its volume of water 


After the dried paper chromatogram had been sprayed with the reagent, it was clamped between two 
glass plates and placed in an oven at 0 The purine deoxyribosiles gave a porp ylish-blue coldéur in 5-—10 
minutes, whereas the pyrimidine deoxyribosides gave blue spots after 25 

vering prevented rapid dehydration and charring of the paper 


30 minutes The glass 


leulgen Reaction Detection of Purine Deoryribonucieoudes Schiff's reagent, as described above, 
was made 0- IN. with respect to sulphuric acid, by addition of x-sulphuric acid 


The paper chromatogram was freed from solvents and treated with the reagent. The purine deoxy- 
jhosktes appeared as purple spots after the paper had been heated in an oven at 60° for 6 minutes and 
then kept at room temperature for 24 hours. Longer heating hastened the appearance of the colour, but 
t also rendered the test less sensitive by causing decomposition of the sugar The pyrimidine deoxy- 
: much more resistant to acid hydrolysis, showed weak spots after 10-15 days Acidific- 
iff's reagent with sulphuric acid was necessary to prevent basic substances, such as 
vtosine deoxyriboside, from giving an immediate colour by mere neutralisation of the sulphurous acid 
f the reagent These false positive teats were easily distinguished from the true tests since the colour 
rxluced was that of the dye (red) rather than the aldehyde-dve mplex (purple Results obtained 
application of the Dische and the Feulgen method are shown in Tabie II! 


Tart 


»-Butanoli 86 
water(l4 
0-12 
oO 
Om 57 0-22 
oo 7 O47 
os Os 0-33 


e deoxyribosides are decomposed by the strongly acidic solvent 


The periodate oxidation techniques were generally suitable for quantities of 
arbohvdrate series, and 200 ag. for ribonecleosides and ribonucleotides 


100 wo other nucleosides The himut with lead tetra-ac« appeared to be about the same 


emor AR. Todd by Dr rter ihn, cf. Fed Proe., 1949, 8, 190. 





Syntheses with Isotopic Tracer Elements. Part I. 3167 


The Dische reaction required quantitees of 10 gg. for the deoxyribosides, but 50-100 gg. for the 
gudnidien Gemmpeicesciniion. Smaller amounts of the latter compounds could be detected if the 


ultra-violet-a! on the chromatogram were cut out and treated with the tice. locjim 
small test- tcben Whaat be ectmaten’ beating on a water bath, the characteristic blue c was _ by 
20-—30 pg. In the Feulgen reaction, only 10 pg rs dare ements ee nk ys 


The A, values of nearly all the compounds investigated were found to vary consid 
chromatograms, owing chiefly to variations in temperature. As emphasised by other he hn it is 
always necessary to run standard substances on the same chromatogram when eumgting to identify 
unknown compounds. 





We are indebted to Professor A. R. Todd, F.R.S., Dr. B. Lythgoe, and Dr. A. W. Johnson for their 
interest, and to numerous colleagues for the gift of various samples. Our thanks are due to the I 
ment of Scientific and Industrial Research for a Maintenance Allowance (to J. G. B.) and to Glaxo 
Laboratories, Ltd., for a Scholarship (to A.G.L.). One of us (C. A. D.) was aided by a grant from the 
American Cancer Society, recommended by the Committee on Growth of the National Research Council 
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618. Syntheses with Isotopic Tracer Elementa. Part I. The Prepar- 
ation of Methanol and Sodium Acetate Labelled with Carbon Isotopes. 


By J. D. Cox, H. S. Turner, and (in part) R. J. Warne 


A critical study of methods for the synthesis of methanol, methy! iodide, and acetic acid 
containing carbon isotopes has been carried out. Methods are described for the preparation 
of these intermediates in good yield and high purity from potassium cyanide or barium carbonate 
on the scale of 1-- 250 millimoles 


Carson enriched in "C has for some time been available in potassium cyanide, obtained by the 
cyanide-hydrogen cyanide exchange reaction (cf. Urey ef al., J. Chem. Physics, 1939, 7, 137; 
1940, 8, 5632; Stewart, Nucleonics, 1947, 1, No. 2, 25), but will shortiy be available in barium 
carbonate from Harwell (cf. Radioactive and Stable Tracers,” A.E.R.E., M.O.S.; Amendment 
Sheet No. 1); ™C is available only in barium carbonate. The basic requirements in the 
synthesis of isotopically labelled organic compounds for use in chemical and biological tracer 
investigations are suitable methods for the preparation of simple organic intermediates from 
these inorganic materials. Labelled methanol and the two theoretically possible labelled 
acetic acids are among the most needed intermediates, and their preparation by preferred routes 
from carbon dioxide and potassium cyanide has now been closely studied 

The criteria by which the suitability of preparative methods for “C- and “C-labelled materials 
are to be judged show some important differences. With the first mentioned it is most im- 
portant to avoid dilution with carbon of natural isotopic ratio since the most highly enriched 
material normally available (~60 atoms % ™C) can at best be diluted with less than 10 times 
the amount of natural carbon ii the accuracy of mass-spectrometric assay is not to be too greatly 
reduced (cf. Nier, “ Preparation and Measurement of Isotopic Tracers,” J. W. Edwards, Ann 
Arbor, 1948, p. 29). "Cis available in barium carbonate containing ~6 atoms % of *C, and can 
be estimated in concentrations of 10-7 of this value with no lossof accuracy. Indeed the labelled 
material is for most tracer purposes too concentrated by a factor of at least 10, and often by 10* 
but it is often convenient to carry out the syntheses at the higher concentration and to dilute the 
products with pure normal carrier. This may greatly improve the chemical purity of the labelled 
material, but cannot affect the relative concentrations of the labelled compounds that may 
be present (¢g., see p. 3168). For this reason it is important that the synthetic labelled 
materia] should be of high purity, and more especially that containing In all preparations 
high yields are desirable, but are more important for "C-material since in general a given tracer 
investigation will involve a greater expense and expenditure of material when the stable isotope 
is used. Further, this high yield of pure material must often be obtained on a scale as low as, or 
lower than, 10 millimoles. Under these conditions it is advantageous to apply vacuum 
techniques to the syntheses 

Several methods have been used for the generation of carbon dioxide from barium carbonate 
in a closed evacuated system (cf. Calvin ef ai., “' lsotopic Carbon,”’ Chapman and Hall, London, 
1949; pp. 153-154). We have used 45%, perchloric acid for generation by acidification (cf 
Sakami, Evans, and Gurin, ]. Amer. Chem. Soc., 1947, 68, 1110), and on the scale of a few 
millimoles the lead chloride fusion method of Zweibel, Turkevich, and Miller (ibid., 1949, 71, 376) 
is very satisfactory. Cyanide was oxidised to carbonate by alkaline permanganate, and the 
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carbon dioxide recovered by acidification (cf. Weimhouse, Medes, and Floyd, J. Biol. Chem., 
1944, 155, 143) 

Three methods for the preparation of carbon-labelled methanol from carbon dioxide have 
been described. Melville, Rachele, and Keller (thid., 1947, 169, 419) converted carbon dioxide 
into potassium hydrogen carbonate, which was reduced to potassium formate by bydrogen in the 
presence of palladium black (Bredig and Carter, Ber., 1914, 47, 541). The formate was esterified 
by heating it with methyl sulphate, and the ester converted into methanol by hydrogenolysis at 
atmospheric pressure over a copper chromite catalyst. The overall yield on the 3°5-millimole 
scale was better than 73%. A 100%, dilution with unlabelled material is inherent in the method. 
Tolbert (/). Amer. Chem. Soc, 1047, 69, 1529) has described the catalytic reduction of carbon 
diozide to methanol at high temperatures and pressures. On the 25-millimole scale yields of 
methanol of 81—86% were obtained. There was no dilution with unlabelled material, and water 
was apparently the only major impurity. An attractive method has been described by Nystrom, 
Yanko, and Brown ({. Amer. Chem. Soc., 1948, 70, 441),* whereby carbon dioxide 1s reduced to 
methanol by a solution of lithium aluminium hydride in an involatile solvent, the methanol 
being recovered after alcoholysis of the resulting complex by a high-boiling alcohol. The 
authors claim a yield of 81%, of redistilled material of high purity (as judged by the refractive 
index) 

This last method has been examined in detail. The solution of lithium aluminium hydride 
in diethylene glycol diethy! ether, prepared, filtered, and stored in a nitrogen atmosphere (the 
vapour pressure being ~0'4 mm. Hg at 20°), was stirred or shaken in a closed evacuated system, 
to which the carbon dioxide was admitted; absorption was rapid and complete. On 
the small scale (below 20 millimoles) the subsequent alcoholysis of the complex and separation 
of the methanol by distillation were carried out at 100° in a current of inert gas at atmospheric 
pressure under patial reflux, but on a larger scale the fractional! distillation was carried out under 
reduced pressure 

The first crude distillate was largely freed from the relatively involatile material by a single- 
plate distillation. This is fairly efficient since these involatile materials appear to consist only of 
solvent (v. p. at 0°, ~0 1 mm. Hg), diethylene glyco! monobuty! ether (v. p. at 0°, ~0-01 mm. Hg), 
and involatile products formed by polymerisation of formaldehyde or by its reaction with the 
involatile alechol to form acetals(?). In typical runs the yield of this distillate (on a weight 
basis, computed as pure methanol) varied between 84 and 113%, but in certain cases " yields " as 
high as 150%, were obtained. The material, chemically, was rather impure : physical constants 
and impurities detected and estimated in some of the products obtained are given in Table L.* 
The most serious impurity was ethanol since this is not easily removed quantitatively on the 
smal! seale It arises by scission of the diethylene glycol diethyl ether used as solvent during 
the reaction; the amount present (4—7%,) agreed roughly with the extent of scission indicated 
bry dilution of labelled ethanol in the reduction of acetyl chloride by diethylene glycol diethyl 
ether solutions of lithium aluminium hydride (Part I]; succeeding paper) 

Details of several typical runs are given in Table II. The total excess of isotope recovered 
as methoxy! in the crude methanol was 69-——77%. In general, the higher the overall recovery 
of isotope, the higher the concomitant impurity; for example, in runs with “C-compounds the 
greatest weight “ yield " of crude material was 150% and the recovery of methoxy! activity was 
then 77%. In this case the total activity in the crude methanol was 91° of that in the 
carbon dioxide reduced, and some 85°, of this total activity was present in methoxyl. The 
remaining activity was probably present in formaldehyde, formals, and, possibly, methy! formate. 

Another unsatisfactory feature of the reduction was the dilution with inactive material which 
always took place * The percentage dilution of isotope at a particular labelled atom over a 
reaction stage or series of stages was calculated by means of the expression 
OOM (4, — Ay)/M,Ay where M, and M, are the molecular weights of the normal and the 


* | Note added im proof Since submitting this paper we have received a report, entitled “ Production 
of Methanol-"*C by the Lithiem Alomimam Hydride Process “ (ORNL 395, U.S.A.E.C.), by Nystrom, 
Skraba, and Mansfield. Working with diethylene glycol diethyl! and monobuty! ethers, these authors also 
found that alcoholyss of solutions of the hydride liberates smail amounts of methanol, but found no 
positive evidence for the presence of ethanol, they state that traces of ethyl ether are present in methanol 
wepared by the methad. We cannot confirm the presence of ethy! ether, but very small traces cannot 
excluded. We have shown that ethyl iodide present in methy! iodide prepared from the crude 
methanol ts present in quantity (~4--6%,) considerably greater than could arise (1.¢.. <2%) from the 
diethylene glycol diethyl ether originally present. Nystrom «¢ a/. describe a useful method for the 
separation of methanol and diethylene glycol diethyl ether in which the crude product is distilled in a 
high vacuum between vessels at 25" to —45", and — 106 
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labelled final compound respectively, and A, and A, are the concentrations of excess isotope in 
the relevant atom of the imitial and the final compound respectively. For “C labelling 
M,/M, <= | in the great majority of cases. The dilution thus calculated was variable, values 
over the range 7-~-10% having been observed. This may be attributed to the absorption of 
atmospheric carbon dioxide by the lithium aluminium hydride during its preparation and storage 
in solid form. It has been demonstrated that when solutions of the hydride in diethylene glycol 
diethyl ether are submitted to a blank decomposition, alcoholysis, and distillation (using ethylene 
glycol monopheny] ether as the aloohol) mixtures of methanol and ethanol are obtained. Further, 
methanol was detected in ethanol prepared by lithium aluminium hydride reduction of acetyl 
chloride (see Part II; succeeding paper). The dilution observed was greater if the solution of the 
hydride was not filtered until absolutely clear before use. 


Taste I. 
Product. Impurities in the product. 


Crude wt. Overall wt 

Reaction yield, %. yield, % 
CO,—>MeOH* ~—113 113 
CO, —> MeOH * 84 “4 
c oOo, MeOH * loo loo 
Cc oO, —> MeOH * 105 105 
MeOH —» Mel 6s 





MeOH —> Mel 71 

MeOH —> Mel 83 

MeOH —> Mel aS 

Pure MeOH -- 
—» Mel 


* Solvent, diethylene glycol diethy! ether, decom , diethylene glycol monobutyl ether. Each 
less than 3% in the product. * Solvent, tetrabydro urfuryloxytetrah Tae te decom , tetra 
hydrofurfuryl aleohel. Each less than 4% in the product. * EtO lower limit set 
isolation (see p. 3175). ‘* Butanol, presu present; see Part Il anal paper). * EtOH, 
detected by the CHI, test. / Detected by the chromotropic acid test. ¢ omnala. 0-4% (as CHO). 
* At 25° 

Taste II. 
Starting material K¥CN.! K*CN.! Ba*Co,' K"CN* CH OH." 
Millimoles : oses 197 : 6u 


Excess isotope. concn. . peeene f 43-05 ° 524° 
quantity ...... ove , soe 1° 


Methanol 


Crude wt. yield, % 92 125 
Recovery of excess Isotope, as OMe, % so’ 
all forms, % - - - 


Methyl wodide 


Overall wt ae, % 
Millimoles 
Excess isotope, concn 

quantity 

recovery, % 
Dilution with inactive matenal, % 
Wt. yield from crude MeOH, % 


204° 
61-5 - 
98-5 uN 


diethyl ether, decomposer, diethylene ol monobuty! ether 
, tetrah ydrofurtury! alcohol. * Atoms 
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When the crude methanol samples were converted into methyl iodide by reaction with 
hydriodic acid, apparent weight vields of 40-87% were obtained (Tables I and II). Under 
identical conditions pure methanol gave 93 + 05°, of methyl iodide. Much of the impurity 
was climinated; the methyl iodide appeared to have a purity of greater than 95%, the only 
important contaminant being ethyl iodide (Table I). In the subsequent conversion into sodium 
acetate this also was largely eliminated. The recovery of excess isotope in the overall conversion 
of carbon dioxide into methy! todide was 63-—71% 

The reduction residue was examined in one instance, this being the *C run mentioned above 
The results are set out in Table III. The recovered solvents, which contained only ~5°% of 
the total activity present in the residue, were carefully fractionated, and pure samples of diethyl- 
ene glycol diethyl and monobety! ethers recovered. These had no measurable activity: hence 
it may be assumed that there was no exchange with the alkoxy-groups of the solvents, and that 
the ethanol present in the methanol arose solely by scission of the ether linkages. The steam- 
volatile acid was not identified in this instance, but was probably formic acid (see below) 

Since the materials used by Nystrom ef al. were unsatisfactory, a search was made for more 
suitable hydride solvents and alcohols for the decomposition. Benzyl alcohol, ethylene glycol 
monopheny! ether, and tetrahvdrofurfury! alcohol are all satisfactory alcoholytic agents 

Of a number of materials examined as solvent for lithiom aluminium hvdride, diethviene 
givyeol dimethyl ether, potentially attractive because scission would dilute but not contaminate 
the labelled methanol, proved to be a poor solvent. Tetrahydropyran, however, dissolves the 
hydride readily but its comparatively high vapour pressure at 0° makes difficult its use in a closed 
evacuated system; the “ bubbling’ procedure of Nystrom ef al. would probably be more 
satisfactory In a trial experiment, carbon dioxide (50 ms.) was reduced and methanol 
recovered by alcoholysis and distillation. The resulting distillate (containing some 50% of 
tetrahydropyran) was treated with hydriodic acid and the product distilled to give methyl iodide 
in 66%, overall yield. This method was not examined further but it showed obvious promise 
for large-scale expermments (say 1 mole) where losses in distillation by normal laboratory 
technique become negligible 

The most suitable solvent we used was tetrahydrofurfuryloxytetrahydropyran. This semi- 
cycle acetal is stable m alkaline conditions, is a good solvent for lithium aluminium hydride 
solutions up to M. at room temperature may be made), and has low volatility. When it was used 
in conjunction with tetrahydrofurfury! alcohol for the decomposition in the reduction of carbon 
dioxide, the yields of methanol (crude product after single-plate distillation, by weight) were 
oo 120° The recovery of excess isotope was ~89% Physical constants and chemical 
purity of this product were comparatively good. The only impurities detected were water, 
formaldehyde, and smal] amounts of tetrabydrofurfuryl alcohol. Conversion into methyl iodide 
by reaction with hydnoedic acid gave methyl iodide of excellent purity, in weight yields (on 
carbon dioxide) of 77-86% (see Tables I and Il The recovery of excess isotope was ~83% 
This methy! iodide reacted completely With potassium cyanide solution. Duilution with inactive 
material to the extent of some 3°5°%,, was observed at the reduction stage This is much less than 
im cases where diethylene glycol diethy! ether is the solvent 


reduction us 


In one mstance the residue from a 
ing tetrahydrofurfuryloxytetrahydropyran was examined (see Experimental part) 
Formic acid was recovered and identified as the S-benzylthiuronium derivative 
No detailed investigation of the course of the reduction of carbon dioxide by lithium 
alummiom hydride has been published Schlesinger and Finholt (unpublished work, quoted by 
Nystrom ef ai , joe. et), working presumably with carbon dioxide in excess, found that two moles 
of carbon dioxide were absorbed per mole of hydrde and that under these conditions a complex 
was formed which liberated formaldehyde on acidification, in yields up to 25° Nystrom ¢f ai., 
working with excess of hydride, noted reduction to the methanol stage (t.¢., to a complex giving 
| when acidited or alcoholysed) with the consumption of 0-75 mole of hydride per mole 
dioxide. We have demonstrated that even when the hydride is in 100°, excess 
reciable amounts of the carbon dioxide are reduced no further than to formate, and that 
valdehyde ts always present in the methanol liberated by alcoholysis of the complex. Thus 
s hkely that the reduction proceeds era formate and formaidehyde and that the latter is 
present as metallic (most probably aluminium) derivatives of methanediol, which undergo a 
nucleophile displacement reaction with aluminohydride tons, giving a methoxide (cf. Trevoy and 
Brown, J. Amer Chem. Soc., 1949, 71, 1675) That the methanol formed on alcoholysis is 
orurinaliv 


it 


present as methoxide has not been proved, but in view of the stoicheiometry of the 
overall reaction this is very probable. It is worthy of note that we have been unable to detect 
any carbon monoxide or methane in the gaseous products of alcoholysis, whereas in the analogous 
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reduction of carbon monoxide preliminary experiments have shown that not only methanol but 
substantial quantities of methane are liberated on alcoholysis (for example, yields of methane of 
from 6 to 37%, depending upon the temperature of the reaction, have been recorded). This 
suggests that the methanol-giving intermediates in the two reductions have different structures, 
that from carbon monoxide probably involving Al-O-CH,~Al groupings, susceptible to further 
attack by aluminohydride ions with the formation of methylaluminiom, Purther work is in 
progress on the detailed mechanism of the reaction; a full account of the reduction of carbon 
monoxide will be published later. 

Acetic acid labelled with tracer carbon in the carboxyl group has been prepared by treatment 
of methylmagnesium iodide with labelled carbon dioxide by many investigators (cf. ‘' Isotopic 
Carbon,” pp. 172—179). We have found the procedure of Lemmon (op. cit., p. 178) to be 
satisfactory 

Where the starting material is labelled potassium cyanide, methylation followed by hydrolysis 
is more suitable. Methylation by means of methyl sulphate (Walden, Ber., 1007, 40, 3215) 
followed by hydrolysis is claimed to give an overall yield of sodium acetate of 83% (Weinhouse, 
Medes, and Floyd, /. Biol Chem., 1945, 158, 411). Methyl iodide is more satisfactory (Auger, 
Compt. rend., 1907, 145, 1287); itis best used in the cold, with concentrated aqueous solutions of 
cyanide. After recovery of the acetonitrile, acidification, and steam-distillation, yields of very 
pure anhydrous sodium acetate of 98—100°% are readily obtained on scales as low as | millimole. 
There is no dilution with unlabelled material. 

Methyl-labelled acetic acid has been obtained from methyl iodide by way of the Grignard 
compound (Tolbert, /. Biol. Chem., 1948, 178, 205, reports yields of 70-—75%), or from cyanide 
by the reactions Na*CN ——> Zn(*CN), —> HO-C,H,*CH.NH,HC] —» HO-C,H,*CH, —> 
*CHyCO,Na (Anker, ibid., 1946, 166, 219; the overall yield was “ greater than 50%, ""). On the 
basis of results quoted by Anker the dilution with inactive material appears to have been 7.5% 
We have converted labelled methy] iodide into methyl-labelled sodium acetate by reaction with 
excess of cold aqueous potassium cyanide (cf. Auger, loc. cit.) followed by hydrolysis. Yields of 
97—100% of very pure material are easily obtained, and there is no dilution with 
inactive material. When the methyl! iodide is converted into acetonitrile by boiling aqueous 
cyanide the yield is much lower (Little and Bloch, J. Biol. Chem., 1950, 183, 42, quote an 
overall yield of 66% from methanol). Methyl iodide made from ethanol-containing methanol 
reacted only partly, some of the ethyl iodide present remaining unchanged; some propionate 
was probably present in the acetate, but its amount was shown to be less than 2% 


EXPERIMENTAL. 


Micro-analyses are by Miss M. Corner and Drs. Weiler and Strauss; mass-spectrometric analyses are 
by Drs. R. Bentley and J. F. Martin. M. p.s are not corrected. 


General.__High-vacuum apparatus. A vacuum manifold of the type iMustrated in Fig. 2 was used 
throughout the work. The pumping system consisted of a rotary oi] pump, with protective cold trap, 
and a mercury diffusion pump which was connected through cold traps to the manifold. The pressure 
within the system was measured by mercury manometers and “ Vacustat " McLeod type pe gauges. The 
system had a volume of some 500 c.c. between T, and 7,, (with T,, closed) and could be evacuated to a 
pressure of 10-* mm. Hg in about three minutes; bulbs of 1-1 and 4-1. capacities were attached to 7,,. 
I he plug of 7, was grooved so that it could be opened very slowly. Unless otherwise stated, all joints and 
taps were lubricated with Apiezon M grease. 


Combustion of samples for isotopic analysis. Sampies were converted into carbon dioxide either by 
conventional “ dry “ combustion (mixed with pure lead chromate in the case of sodium salts) or by an 
adaptation of the “ wet " method of Van Slyke and Folch (/. Biol. Chem., 1940, 186, 509). The carbon 
dioxide was normally absorbed in barium hydroxide solution, and barium carbonate separated and 
washed by centrifugation 


Assay of samples for *C. The method of gas (CO,) counting was — A detailed description 
of the technique will be given by Audric and Long in Part ILI (to be pu ) 


Materials. Reagents were normally of AnalaR grade. The solvents mentioned in the ensuing 
sections were dried and fractionally distilled before use, the following fractions being used. tetra- 
hydropyran, b. p. 87—88°, wf 1-4180; diethylene glycol diethy! ether, b P 88° /23-5 mm., »? 14008 

p. equation: logy, f =~ —2700/T + &7); diethylene glycol monobuty! ether, b. p 130°/28 mm.. 
np 1-4304; ethylene glycol monophenyl ether, b 


14 mm., wf 1-6342; tetrabydrofurtury! 
alcohol, b. p. 80°/20 mm., #7? — -_ coulpbehehepleaemalpiaognen, b. p. 135°/25 mm., 


1-4617, dF 1-045 (v. p. equation = —2050/T + 86). The last solvent was prepared in 15 
yield by the acid-catalysed reaction te tetrahydrofurfury! alcohol with 2 : 3-dibydropyran according to 
the general method of Woods and Kramer (J. Amer. Chem. Soc., 1947, 68, 2246) (Pound: C, 64-6; H, 
98. CoH, ,O, requires C, 64-5; H, 97%) 


Lithium aluminium hydride solutions were prepared by stirring the coarsely crushed material with the 
pure solvent. The suspension was filtered through sintered glass and the resulting solution was analysed 
OR 
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eye wee Be ee on Spe Tg ety hn a. Solutions 

in tetrahydrofurfuryloxytetrah ydropyran ~lou ve been prepared. ydride is 

po ~ plier dh in era Mora Sis bs tn cabonans to ene Galilean tase enbeundeuted un 

~i ou 


Preperation of Carbon Diowide.—(a) Preparation from 

commercial material was a mixture the main constituents of which were 
carbonate (22-10 
2%). The material was not he ’ 
solution containing at least 0-5 g Cyanide was determined by titrating 
crude material, with ~/50-silver nitrate in the e of 

* Quantitative Inorganic Analysis,” Longmans Green, Lenton, 1939 p. 327). 
mined by titration of an aliquot with w/50-permanganate (Vogel, op. £5. p. 361) after quantitative 
displacement of hydrogen cyanide with a stream of pure carbon dioxide (6 hours’ bubbling was 
required). Material not ot accennted for as cyanide or formate was assumed to be carbonate for the pur- 
pose of this preparation 





Pia. 1 








Sintere 


glass 4 


Potassiam cyanide containing 4% millimoles of KCN was weighedi nto a flask and dissolved in carbon 
dionide-free water (26¢.c.). To the solution was added 120% of the amount of 0-24n-barium hydroxide 
needed to precipitate all the carbonate. The barium carbonate was filtered off and washed with water 
(% ¢.¢.), and the filtrate was transferred quantitatively to a 500 c.c. flask. Potassium permanganate 
(16 ¢ ) and 6n-sodium hydroxide (45¢.c., carbonate-free) were added, sufficient wash-water being used 
to bring the volume of solution to about 200¢ ¢. A stream of carbon dioxide-free nitrogen was bubbled 
through the reaction mixture which was heated slowly to the boi! under a reflux condenser fitted with a 
oxia-lime guard-tube. Boiling was maintained for 4 hours. 


The reflux condenser was then laced by a dropping funnel with side-arm and the apparatus 
‘Nustrated in Pig. | was assembled hen the air had been swept from the a atus by the nitrogen 
stream, Dewar vessels around § and y were filled with liquid nitrogen. 10n-Sulphuric acid (35 c.c.) was 
added dropwise through T, to the reaction mixture during § hour, then a further 75 c.c. were added 
rapidly t xpulsion of carbon dioxide was completed by warming the reaction mixture at 50° for 2 hours 
Tg and T, were shut; the traps were detached at /,, re-attached to a vacuum manifold (Fig. 2) through 
/,. and evacuated. During these operations the traps were kept immersed in hon ma nitrogen. With 7, 
shut, the carbon dioxide in 8 and y was allowed to expand into the system uding a |-1. bulb); the 
gas was condensed isto trap G by liquid nitrogen me was dred by Shumetion at —78° (witha 
solid carbon dioxide-methanol bath around G) into tra cooled in liquid nitrogen. Finally, the carbon 
dioxide was allowed to evaporate into an evacuated sy Add of known volume and the pressure measured. 
The preparation has been carried through on scales of 3 to 220 muillimoles. 


(b>) Preperation from barium carbonate, Rariam carbonate (3-00 g.) was weighed into the 100-c.c 
flask F (Pig. 2), and water (5 ¢.c.) was added. 60% Perchloric acid (15 c.c.) was charged inte FE. The 
apparatus was assembled and, with baths of solid carbon dioxide-methanol around trap C and flask F, 
the whole evstem was evacuated (the bore of the plug of 7,, had previously been evacuated). 7, was 
closed, trap G cooled te — 106", and the bath around F removed. The perchloric acid was immediately 
added and reaction began as soon as the water in F began to melt, the flask F was rotated about its 
joint to ensure complete mixing and then the solution was warmed te 30°. After a few minutes 7,, was 
closed and the carbon dioxide condensed in trap G was dried by sublimation at — 78° as described in (a). 
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The yield from pressure measurement was 100%. The procedure has been used on scales of 0-5 to 35 
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Pie. 3. 
Manometer Vacustat Storage bulbs 








Preparation of Methanol.—(i) Method for scale greater than W) millimoles. A solution of lithium 
aluminium bydride (1-5 moles of LiAIH, per mole of carbon dioxide to be reduced) was into a 
round-bottomed flask K which was connected to the vacuum manifold by means of a length of 
rubber re tubing with suitable adaptors (Fig. 3). The flask was cooled in an ice-bath and evacuated. 
With T, shut, carbon dioxide from H was expanded into the manifold (with a 1-1. bulb in the system) and 
allowed to come in contact with the solution. When the reaction flask was gently shaken 
the gas was steadily adsorbed, only ~1% remaining after 1 hour. 

The Gach wan semeved Sew Oe easuee Heegns Rp cageas in Fig. 4 assembled ; 

around trap /, and a solid dioxide-methanol bath around 
moles mole of carbon dioxide taken) was 


} this bath-temperature was just sufficient to 
from the cold-finger while methanol distilled into 1. 
apparatus. T,, shut, trap / detached and a stopper 











3174 Cox, Turner, and Warne: 


the manifold, which SS quantitative removal of grease, weighings of / were reproducible to 
better than | mg system (inclading a |-i. bulb) was evacuated, after which 7, was closed; the 
nn pe was removed from around trap /, and the distillate allowed to warm to room temperature 
eee ane aaa T,, was shat and the condensed into trap / 
y hquid-nitrogen cooling. was shut, 7, opened, and the process repea until the re 
aslessthan | mm. The sailowins series of vapour pressure readings (liquid “ reservoir " at 23°) was 
typical 93, 66, 52, ©, 42, 7, 1 mm. Hg. The vapour pressure of the combined distillates was then 
at 0°. The residue in trap / gave a strong formaldehyde reaction (chromotropic acid test) 

The method has been used on scales of 30 to 220 millimoles. 

(li) Method for scale leas than W millimoles. The method was similar to that described in Part II 
(succeeding paper) for the reduction of acetyl chloride to ethanol. A stopper was inserted at J, (Part Ul, 
Fig. 2) and carbon dioxide was admitted to the hydride solution (in vessel U) through T,,. Addition of 
the decomposing alcohol and isolation of the volatile product were carned out as described for ethanol 
This method has been used on scales 3 to 15 millimoles. 


Fie. 4. 


K 


ith) Charactertsation of the methanal product. Successful preparations of methanol were carried through 
with the following solvents 
(a) Diethylene glycol diethyl ether (solvent for LiAIH,) was used with benzyl alcohol, diethylene glycol 
monobuaty! ether, or ethylene glycol monopheny! ether for alcoholysis Apparent weight yields in 58 
experiments were §4--119%;: in | experiment the “ yield “ was 150% he true yields of methanol 
letermined by conversion inte methyl iodide) were 68-77%. The methanol was contaminated by 
formaldehyde (2% in one sample, identified by the chromotropic acid test and determined by the 
hydroxylamine bydrochlorile method), ethanol (about 5% in one sample, identified by isolation of 
ethyl! iodide from the Zeisel product and determined by the iodoform reaction), water (up to 8%, deter 
mined by the Kar! Piacher method), and traces of the high-boiling solvents (calculations based on the 
vapour pressure indicated the presence of less than 3%). The presence of other volatile products, ¢.¢., 
methylal was not excluded. The physical properties of the products are given in Table [. 


The “ methanol “ gave a p-nitrophenylurethane, m. p. 175°. 


(b) Tetrahydropyran was used as a solvent for lithium aluminium hydride; a 1-2-solution at 0° 
readily absorbs carbon dioxide Alcoholysis by diethylene glyco! monobuty! ether followed by fractional 
fistillation gives a mixture of methanol and tetrahydropyran. Methanol agent mixtures are 
very non-ideal: when such mixtures containing a large excess of the latter are distilled, the bulk of the 
former comes over as a mixture of almost constant composition (~50% methanol by volume, b. p. 66°, 
«ff 1-a7¢ In this way the methanol may be separated from the bulk of the reaction mixture, and by 
treatment with hvdriodic acid followed by fractional distillation methyl iodide of high purity is obtained 
In a preliminary run, methyl iodide, b. p. 42—43°, wf 1-526, was obtained in a 66% yield from carbon 
dioxnile 


(ec) When tetrahydrofurfurvioxytetrahydropyran was used as so) vent, tetrahydrofurfury!l alcohol and 
diethviene givcol monobuty! ether were suitable for alcoholysis. Apparent yields in 5 experiments were 
@.. 1°4% with true vields of 856—O? Impurities in the methanol were formaldehyde (0-4—0-7%, 
determined gravimetrically as the di derivative, m. p. 189°), water (up to 6-5%,), and traces of the 
high-beviling solvents (less than 4% by vapour-pressure calculations); further amounts of formaldehyde— 
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dimedone derivative, obtained after the “ methanol “' had been subjected to acid hydrolysis, indicated 
the presence of about 0-5%, of methylal. The physical properties of the products are given in Table I 
The methanol gave a p-nitrophenylurethane, m. p. 176-5", and an e-naphthylurethane, m. p. 122°. 
(iv) Miscellaneous experiments. (a) An examination was made of the gas (mainly hydrogen) evolved 
when a solution of hthium alumuniem hydride which had absorbed carbon dioxide was treated with a 
high-boiling alcohol. The gas comtamed no carbon dioxide, carbon monoxide, or hydrocarbon 


(6) When solutions of ithiem aluminium hydride were ved witha high: -botling alcohol, varying 
amounts of volatile ucts contammg methanol (determi by Simmonds's method, Analyst, 1912, 
37. 16) were obtained. 

(c) A residual reaction mixture from the preparation of ““C-methanol was ¢ ined. The total 
volatile product was removed by vacuum-distullatwn and was fractionally distilled to separate diethylene 
glycol diethy! and monobuty!l ethers; the fractions were burnt to po hoy dioxide for counting. The 
dry residue of lithium and aluminium compounds was acidified with dilute sulphuric acid in a stream of 
nitrogen, and the gas was passed — a barium hydroxide solution bu . The precipitate was 
removed for “C assay. The solut lithium and aluminium salts was next steam-distilled and the 
distillate neutralised with sodium hydroxide; this solution was evaporated to dryness, and the residue 
oxidised to carbon dioxide. The steam-distillation residue was likewise oxidised. Kadioactivity results 
are summarised in Table III 





Taste I. 
% of total 
Activity, pc. initial activity 

Rarium carbonate 
* Crude methanol 

Methoxy! activity . 

Non-methoxyl activity (by diff.) 
Reaction residue 

Recovered solvents 

% CO, . 
Steam volatile acid 
distn. residue 


* The residue from the single-plate distillation was not examined in this case 


(d@) The reaction residue from a preparation of ““C-methanol (using tetrahydrofurfuryloxytetrahydro- 
pytan and tetrahydrofurtury! alcohol) which gave an abnormally low yield was distilled im vacuo to remove 
the solvent and excess of alcohol. The residue was acidified with dilute sal- 
yhuric acid and steam-distilled until acid was no longer t in the distillate. Fis. 6. 

he latter was titrated with n-sodium hydroxide (pH-meter) to pH 7-5, and | 
evaporated to dryness. The acid present (titration) amounted to 13-5 milli- 
moles (13%, of the carbon dioxide reduced); it was identified as formic acid by 
conversion into the S-benzy!thiuronium derivative, aoe and mixed m. p. with 
an authentic sample 152° (Found: C, 510; H, 60; N, 13-3; S,16-1. Cale 
for C,H,,O,N,5; C, 510; H, 5-7; N, 13-2; S, 15-12%). 


Preparation of methyl iodide. The eggusttes iNustrated in Fig. 5 was used 
Joints /, and /, were lubricated with silicone grease, and J, with hydriodic 

acid. In a typical experiment '“C-methanol (0-6465 g.) was distilled through 

the manifold into flask M. Air was admitted through 7, and hydriodic acid 

(25 ¢.c.; @ 1-7) was run through /,. The reaction vessel was detached at /, 

and connected to a train which consisted of a bubbler containing a suspension 

of red phosphorus in dilute sodium carbonate solution, a U-tube packed with 

magnesium ay hiorate and thence through J, to trap J. The latter was 

surrounded by a bath of liquid nitrogen. A slow stream of nitrogen was 

passed through 7T,,, and flask M was heated in an oi! bath to 80° during j hour; 

the bath-temperature was raised to 90° during the next } hour, by which time a 

vigorous reaction had begun (methy! iodide refluxed r ly from the cold 

finger). The bath temperature was then kept at 90-—100° for a further 2 

hours. T,, was shut and a stopper inserted at J,. The distillate in trap / was 

distilled in vacuo into a weighed trap (/ in Fig. 4. The above procedure has been used (with apparatus 
of the appropriate size) on scales between 5 and 200 millimoles. 


In a series of experiments the weight yields of methyl iodide from methanol prepared by method (4) 
(see above) were 60-—87% (from carbon dioxide). The overall isotopic yields in three experiments were 
63—71%. 


The weight yields of methyl iodide in four experiments with methanol prepared by method (c) (see 
above) were 77-86% (based on carbon dioxide). An overall conversion was 83%; #7 was 
1-5301—1-5308, and df 2-24—-2-26 (Found: I, 88-9. Calc. for CHI: , 


Al@ 


_, Constriction 


Preparation of Sodium Sn pie of Saree. MC-Methy! iodide (2-634 g-) was 
distilled in vacuo into a flask of the type shown in Pig. 6; the flask contained potassium cyanide (1-7 g.; 
Sis Ganees ons Teese ae When all the methy! iodide had distilled in, the flask was sealed off at 

The flask was shaken at room temperature overnight, whereafter the reaction was 
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im the crude methanol. Where no ethy! idide was present 

of the flask were then cooled to — 78° and the neck cracked 

tocide were next distilled through the manifold into a 
20n-sodium hydroxide (2-40 c.c. ; 


tion mixture was made strongly ac 
Acetic acid was removed by steam-distillation, | |. of distillate being 


dryness, 
the residue sm pacwo at 250°. 1-515 G. of soctium acetate were thereby obtained (corresponding 
The sotopic yield from 
* (with methanol prepared by method (e)) the overall 
able II). The above method was suitable for the scales of 5 to 
© millimoles. On scales greater than 3) millimoles, it was necessary to cool the flask during the methy!- 
ation, and advantageous to carry out distillation and alkaline hydrolysis by ordinary laboratory methods. 
Sxiium acetate prepared as described above meets the following ifications : cyanide, halide, 
sulphate, and formate not detectable, carbonate less than 0-2% (F C, 2809; H, 42; Na, 27-9. 
c for C,H,O Na containing 7 atoms % excess "C : C, 20-35; H, 3-7; Na, 280%). The semi-<distil- 
lation value 5 (Virtanen and Pulkki, /. Amer. Chem. Soc., 1028, 60, 3138) for the acid derived from sodium 
acetate, made from methanol prepared by method (a4), was 35-2. 5S for pure acetic acid determined in the 
same apparatus, 35.1. Molecular-weight determination, micro-analyses, and 5S values all indicated that 
leas than 2%, of sod prop te was p t 
A preparation of sodium “C-methy!-labelled acetate, from methanol prepared by method (c), gave an 
isotopic yield of 61% (based on carbon dioxide). 


(ii) # ation of CHy*CO Na from K®°CN. The preparation was similar to that described in (i), 
with the following modifications. s Millmoles of potasstum cyanide were treated with 1-5 « millimoles of 
methy! iodide, after hydrolysis the alkaline solution of sodium acetate was steam-distilled for } hour 
since much greater amounts of methanol than in (i) were t (if methanol was not removed, up to 
50%, of the acetic acid distilled as methyl acetate). 0-4 Millimoles of silver sulphate was used. 


The weight and isotopic yields in § experiments were 07—-100% and the purities of the products were 
similar to those given in (i). The met has been used on scales of 3-250 millimoles 


(itt) Preperation of CHy*CO Na from *CO,. Carbon dioxide was allowed to react with a solution of 
methylimagnesium iodide in ether at —20° (Lemmon's method, quoted in “ Isotopic Carbon,” p. 178— 
179). 80-00% of the carbon dioxide taken was absorbed by the Grignard solution during 20 minutes; 
the reaction mixture was then immediately worked up, the remaining carbon dioxide being recovered by 
absorption in aqueous barium bydroxide. Yields of sodium acetate up to 96% (based on carbon dioxide 
absorbed) were thereby obtained 





We thank Dr. SL. Thomas for much helpful advice, and Drs. R. Bentley (N.1.M.R.) and J. F. Martin 
(Mesars. Fisons Ltd.) for carrying out mass-spectrometric analyses. We are also grateful to Messrs 
}. V. P. Long and B. N. Audric for radioactivity measurements. The work described above formed t 
of the programme of the Chemical Research Laboratory and this paper is published by permission of the 
Director. 
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619. Syntheses with Isotopic Tracer Elements. Part I]. The 
Preparation of Ethanol labelled with Carbon Isotopes. 


By J. D. Cox and H. S. Turner 


Methods are described for the conversion of sodium acetate labelled with carbon isotopes into 
acety! chloride and ethanol. Excellent yields of good-quality material have been obtained 
on the 5—-15-millimoles scale 


Severat methods suitable for the preparation of carbon-labelled ethanol have been described 
Lifson, Lorber, Sakami, and Wood (/. Biol. Chem., 1948, 176, 1263; 1950, 183, 518) converted 
acetic acid (labelled in the carboxy! group) into the »-butyl ester, which on hydrogenolysis over 
a copper-barium chromium oxide catalyst at 250° /220 atm. gave a mixture of »-butanol and 
ethanol. This was converted into a mixture of iodides, which was separated by distillation, but 
the vield cannot have been very high since when the ethy! iodide was converted into butyric 
acid the overall yield of the latter from sodium acetate was 25%. A more satisfactory method 
in which, however, a 100% dilution with unlabelled material is inherent, is the conversion of the 
«xlium acetate into ethyl acetate followed by hydrogenolysis over copper chromite (Tolbert et a/., 
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J. Org. Chem., 1949, 14, 525; Sakami, unpublished work, quoted by Calvin 4 al., in “ Isotopic 
Carbon," Chapman and Hall, London, 1949, p. 202). On the 8—12-millimoles scale Tolbert 
obtained an aqueous ethanol, containing some diethy! ether, which on treatment with phosphorus 
tribromide gave ethy! bromide of good quality in an overall yield of 67-77% from sodium 
acetate. The only other recorded preparation of labelled ethanol is that by Lorber, Cook, and 
Meyer (J. Biol. Chem., 1949, 181, 475), who state that “ *C-carboxyl-labelled acetate was 
reduced to ethanol with lithium aluminium hydride,” but give no further details. 

The reduction of carboxylic acids, esters, and chlorides to alcohols by lithium aluminium 
hydride has been described by Nystrom and Brown (J. Amer. Chem. Soc., 1947, 69, 1197, 2548) ; 
excellent yields were frequently obtained. We have applied this reagent to the preparation of 
ethanol and have developed satisfactory methods for the preparation of the necessary inter- 
mediates. Anhydrous sodium acetate has been converted, using techniques of vacuum 
manipulation, into anhydrous acetic acid by action of a 10% excess of anhydrous hydrogen 
chloride (cf. Tolbert, unpublished work, quoted in “ Isotopic Carbon,” p. 195). The product 
was freed from excess of hydrogen chloride by distillation at —80°; yields of 97-09% were 
obtained. No really satisfactory methods for the small-scale preparation of labelled acetyl 
halides from the acid are to be found in the literature. Several authors have refluxed sodium 
acetate with benzoyl halides, obtaining yields ranging between 66 and 90% (Anker, /. Biol. 
Chem., 1948, 176, 1333; Gould ef al., ibid., 1949, 177, 728; Sakami, unpublished work, quoted 
in “ Isotopic Carbon,” pp. 176, 193). Olsen, Hemingway, and Nier (J. Biol. Chem., 1943, 148, 
611) obtained an 80% yield of acety! chloride by action of phosphorus oxychloride on sodium 
acetate, while Calvin and Lemmon (j. Amer. Chem. Soc., 1947, 69, 1232) have used phosphorus 
tribromide in the preparation of acetyl bromide from acetic acid. We have obtained excellent 
yields of acetyl chloride by the action of phthaloy! chloride on acetic acid (ef. van Dorp and van 
Dorp, Rec. Trav. chim., 1906, 25, 96; Kyrides, J. Amer. Chem. Soc., 1937, 59, 208). The crude 
product from this reaction (yield, ~ 100%) has been shown to consist of acety! chloride (94—95%,), 
acetic acid (2%), and hydrogen chloride (34%), and can be reduced subsequently without 
further purification. Ethyl! acetate has been prepared by heating anhydrous sodium acetate with 
ethy! sulphate (Sakami, Evans, and Gurin, ibid., 1947, 69, 1110; Tolbert ef al., J. Org. Chem., 
1949, 14, 525). Weight yields of crude ethy! acetate of 102-—120%, were obtained. Sulphur 
dioxide was present, and possibly also ethyl ether and ethylene. It was not necessary to remove 
these before reduction to ethanol. 

Acety! chloride vapour is quantitatively absorbed by a stirred solution of lithium aluminium 
hydride in diethylene glycol diethyl ether. The reaction is strongly exothermic and it is 
necessary to admit the acety! chloride slowly into the reaction vessel and to cool the solution 
in melting ice. The ethanol was recovered by alcoholysis with ethylene glycol monophenyl 
ether, followed by distillation under partial reflux in a current of inert gas. In this way the 
overall weight yield of ethanol (containing 05% of water and free from acetaldehyde) from 
sodium acetate was 96%, the recovery of excess isotope eing 91%. A fall of concentration of 
isotope corresponding to a ~4% dilution with inactive ethanol was recorded. When the 
temperature of the reaction mixture was ;ermitted to rise the percentage dilution was much 
greater. Examination of pure diethylene glycol diethyl! ether isolated from the residue showed 
that no isotopic exchange had occurred between the ethoxy-groups of the ether and ethoxides in 
the reaction mixture. 

Pure ethyl acetate vapour is also absorbed by lithium aluminium hydride solutions, and 
yields of around 100% of ethanol are obtainable. However, the crude ethyl acetate obtained 
by the action of ethyl sulphate on sodium acetate as previously described was less readily 
absorbed and there was some production of a permanent gas, probably hydrogen, which 
hindered diffusion and slowed the reaction. However, by pumping off this permanent gas at 
intervals through a trap at — 196°, and condensing the ester on to the reducing solution by 
cooling the latter to — 80°, it was possible to effect complete absorption. The ethanol ultimately 
obtained was contaminated with hydrogen sulphide (derived from sulphur compounds present 
in the crude ethyl acetate) which was removed by treatment with Raney nickel (cf. Adkins, 
“ Reactions of Hydrogen,” Univ. Wisconsin Press, 1937, p. 28). In a single run the overall 
weight yield of ethanol] containing 2-2% of water from sodium acetate was 93°5%. The overall 
recovery of excess isotope was 84%; the quality of the ethanol was good, but inferior to that 
obtained through acetyl chloride. The concentration of isotope fell by 55% during the 
conversion, as compared with the inherent minimum fall of 50%. 

Several attempts were made to reduce acetic acid by the same technique but, since the acid 
reacts with the production of an equimolar quantity of hydrogen, its diffusion became very slow. 
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Even when the acetic acid was condensed on to the reducing solution yields of ethanol did not 
exceed 40°,, and this route was not further examined 


EXPERIMENTAL 


Micro-analyses are by Miss M. Corner. In this paper specific activities are expressed in curies per 
mg.-atom of carbon 


Preparation of Acehe Acid.—Apparatus was attached to the manifold as shown in Fig. 1. In a 
typical experiment, finely poudered ou drous “CH,CO,Na (1-108 g.; gross activity, 53-6 pc.; specif 
activity 1-90 =x 10°°), was charged into flask P (capacity ® ¢.c.) and heated for 2 hours im wacwo at 200 
to expel traces of water. Dry sodium chloride (0-87 g., 10%, excess) was placed in flask # owe 
100 ¢.c.) and concentrated sulphuric acid (15 c.c.) in the funnel , the bore of the plug of T,, being y 
evacuatert ; _g —— cautiously and the vessels 2 aad X pamped out for a few minutes, after which 
7, was closed. Hydrogen chloride was generated by the cautious addition of the acid to the sodiam 
chloride. When reaction had ceased, the gas was condensed into trap O by cooling it in liquid nitrogen 
3 minutes being allowed before closing T, A smal! pressure of a permanent gas remained in the system and 
was removed by mping. Trap O was warmed to room temperature, 7, was opened and the hydrogen 
chioride admitted to ?. Reaction took place rapidly until the gas pressure had fallen to about 2 cm. Hg 
At t' 5 stage trap O was cooled to — ibe while flask P was heated to 100°. When the pressure had 


Fie, 1. 
vacuum Manometer Vacustat Storage du/bs 

















fallen to 10°* mm. Hg, 7, was closed and O was warmed until the acetic acid melted. Trap O was then 
cooled to — 78" and flask P to — 196"; 7, was opened and the hydrogen chloride distilled into P. T, and 
T, were closed. Flask P was warmed to room temperature and kept there for 4 hour. Finally trap U 
was cooled to — 106" with T, and 7, open. Flask P was again heated to 100° until the pane had 
fallen to 10* mm. Hg. The acetic acid in trap O was largely freed from hydrogen chloride by repeating 
the following procedure until the pressure above the acid at --78° was below 0-1 mm. He. (a) The acid 
was melted. after 2 minutes it was cooled to —78 (6) With flask P at —196"° and 7, open, T, was 
opened and then closed. The acetic acid was distilled into trap. S and weighed (0-707 g., containing a 
little hydrogen chieride). The conversion of sodium acetate into sodium chloride was 100%. In other 
runs, the true yield of acetic acid was 97--99%. The preparation was carried out on scales 5—15 
millimotes 


Preparation of Acetyl Chloride.—-The apparatus illustrated in Fig. 5 of Part I (preceding paper) was 
used, taps and joints were lubricated with silicone grease in this preparation. “CH,-CO,H (0-797 g 
see above) was distilled i eaewo into flask MW Drv air was admitted to the apparatus through T ys. 
then the condenser was raised slightly at /, while phthaloy! chloride (9-6 c.c., 400%, excess) was quickly 
runin, The acetic acid was next allowed to melt and the reactants were mixed by gentle shaking. At 
this stage trap / was cooled to 78° while a slow stream of dry nitrogen was passed through T,, (the 
gasiniet tube N was rotated about /, until above the liquid surface When the vessel Mf was heated in 
an oil-bath to 80°, reaction began and acety! chloride refluxed freely from the cold finger; the inlet tube 
V was rotated until below the liquid surface and the gas flow was increased slightly. The temperature 
was raised during | hour to 120° at which it was kept for lhour. 7,, was closed, vessel M was detached 
at /,. and a stopper quickly inserted in its place. The acety! chloride in trap / was largely freed from 
hydrogen chloride by the corresponding procedure for purifving acetic acid (see above Finally the 
acetyl chloride was distilled into a weighing trap of type S (Fig. 1) In which it could be stored for short 
pertxis at 78 For prolonged storage at room temperature, the product was sealed im vecwo in a 

break-seal tube. The apparent yield of ““CH,-COCI chloride was 1047 g. (101%). The corre- 
sponding vield with unlabelled acetic acid was 100—101%. Hyclrolysis of an aliquot followed by titration 
for chiorvde and total acid indicated a composition of 04-—05°%, of acety! chloride, 3—4% of hydrogen 
chloride, and 2° of acetic acid. The above method was used on scales of 8 to 100 millimoles. 
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f Bian hae Actes Giettieonagneinn tees ie in Fig. 2 was attached to the 
mani the reaction vessel L’ contained @ magnetic stirrer capsule. ‘I trom the previous stage 
(1047 ¢.. 13-3 mullmoles) was contained sm vacuo in the ” break-seal eebe Wr, 1 -s6m-Lithium aluminium 
hydride ome pm ky” Bc.c., eg eg 100%, excess) and pure diethylene glycol diethyl ether (3-6 cc.) 
were charged into U through /,; V was then replaced. apn, 7 Aerapngee Fe cw ee ney | 
and after a minute's pumping, the solution in U was cooled to -- 78° (the v. p. af diethylene glycol diethy! 
ether at 20° is ~0-4 mm. Hg, but po at room 18 Recessary to remove dissolved gases). 
When the pressure had fallen to lo* mm Ty was and the reducing solution allowed to melt . 
it was cooled in ice and stirred ured magnetically. Meanwhile the break-seal tube W was cooled to — 78° and 
the seal broken by the magnetic X. W was warmed slowly to room ture, the acety! 
chionde distilling smoothly durmg 4} hour into the hydride solution. A trace of | ay ey oe ee 
Chon and acetic ad tn th net chime) "fra wan thereon Ca (ansing from hydrogen 
ante ae eee T was therefore to — 196° and U to —78" 

cautiously opened. When the pressure to 10°* mm. Hg, Ty and Ty were closed . om 
= 4 was warmed to room temperature re while the rede solution was stirred at © for 2 hours, 
was then closed and nit mitted through T The bridge V was detached at — 
replaced by the a tus illustrated in Fig. 3. Thehewesl ¥ had been previously charged with et lene 
tycol ace ether (10 c.c., wd ty ess). A stream of dry nitrogen was passed from the inlet tube 
to Ty, rap T was cooled to — , 


Fre, 3. 


v 


1 
j 
U 


With T,, closed, the ethylene glycol monopheny! ether was added dropwise to the stirred reaction 
mixture Phe vesse! L’ was then immersed in an oil-bath at 90°. This was heated by a woven resistance 
wire mat through which magnetic stirring was applied. During § hour the bath was heated to 100° 
and maintained there for 2 hours, 74, being opened intermittently. Ethanol released by alcoholysis, 
together with some solvent, distilled into trap 7 under conditions of partial reflux 


The vessel U was detached from trap T rie and —a uickly replaced by a ee against a counter- 
current of dry nitrogen. 7,, was shut and 7, still at —196°, was evacuated he distillate in trap 7 
was then subjected to a single-plate distillation, using the procedure described for the preparation of 
methanol (see Part I, preceding paper). Successive vapour- re readings (with the liquid reservoir 
at 0° and expanding into a 4-1. system) were : 11-8, 11-6, 1 11-1, 101,62, 1-8,02mm.Hg The 
vapours were condensed into « trap of type Ss tars 1). 

0-599 G. of *CH,-CHyOH was obtained. “- 1.3600, v. p. (0°) 12-2 mm. Hg, b. p. 78° (Found 
C, 51-3; H, 131. Cale. for CHO: C, ory 2; “i 3-15%). The product contained 0.55% of water 
(Karl Fischer determination), 1- 1% of methanol (determined by + penser maa s method, Analyst, 1912, 37, 
16), diethylene glycol diethy! ether (less than 2% on the basis of va pressure calculations), and no 
dctevtshin emennt af, gesteliehyde, The wei yield from CONa was 96%. The specific 
activity was 1-01 x 1* (a fall of ~4%) and the gross activity 48-8 pc. Thus the recovery of *C from 

acetate was 91%. 


Fhe mative Dem the Mieteirele Sones antsy 1-00 p0-) See Snsthesiy Sains & | to gi 
diethylene glycol diethy! ether. A sample of the latter was oxidised to carbon dioxide h had no 
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0-598 G. of eat agg Cian’ Hiheen, SON 6), having v 9 (0°) 39-2 mm. Hg in a 500-c.c. 
and 32-2 mm in a 1250-c.c. system. Yields with unlabe materials were variable but always high 
(102.-120%, by weight), Sulphur dioxide was present. The product was finally sealed in vacuo in a 
break -seal tube 


Preparation of Ethanol from Ethyl Acetate.--The procedure was similar to that described for the 
reduction of acetyl chloride, the crude “CH,-CO,Et (0-508 g.) was contained im vacuo in the break-seal 
tube W. Quantities were as follows: 1-86s-lithium aluminium hydride solution, 3-65 c¢.c.; diethylene 
glycol diethyl ether, 25 ¢.c.; ethylene glycol monophenyl ether, 10 c.c. Keaction was slow, so it was 
necessary at intervals (4) to condense ethyl! acetate into U by cooling it to — 78° and then to melt and stir 


ppmconns gas by opening T,,. after 
T warmed to room temperature. After 1) hours the ethyl acetate had been 
opened and the system pumped out for a few minutes, after which the normal 
Vapour- re readings (at 0°) during single-plate distillation of the crude 
product were: 11-46, 11-1, 110, 10-9, 66, 26, 05 mm. Hg (~41. system). The yield of crude 
*CHy CH, OH containing hydrogen sulphide [ff 1-3608; v. p. (0°) 14-6 mm. Hg and (17°) 40-6 mm. Hg) 
was 0-556 g. (Found: C, 510; H, 131, Cale. for C,H,O: C, 62-2; H, 13-15%). Part of the product 
(0-435 g.) was treated with dry Raney nicke! for 10 minutes at room temperature. Recovery, by the 
usual vacuum techniques, gave 0-427 g. of ethanol (ff 1-3604; v. p. (0°) 12-6 mm. Hg) free from hydrogen 
sulphide (Found: C, 510; H, 130. H,O (Karl Fischer), 22%; specific activity 845 x 10°). At the 
same percentage recovery, desulphurization of the whole of the ethanol would have given 0-546 g.. with a 
gross activity of 0-196 pc., a recovery of “C of 84% (from “CH,yCO,.Na). The overall weight yield was 
93-5% {of anhydrous ethanol); the dilution with unlabelled material was ~122% (theor., 100%), 
corresponding to a fall in excess isotope concentration of 55% 


Our thanks are offered to Dr. S. L. S. Thomas for advice and to Messrs. J]. V. P. Long and B. N 
Audric for radioactivity measurements. The work described above formed part of the programme of 
the Chemical Research Laboratory and this paper is published by permission of the Director 
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620. Inflammation of Methyl and Ethyl Nitrate Vapours: Charac- 
teristics of the Explosion Process and Intermediate Reactions involving 
Nitrogen Dioxide. 





By P. Gray and A. D. Yorrr. 


The pressure limit of spontaneous ignition (explosion limit) of methy! nitrate vapour in a 
given vessel is found to depend on the nature of the vessel surface and to be lowered to different 
extents by different inert gases; explosion is aided more by argon than by carbon dioxide. It 
is suggested that the explosion of the alkyl nitrates is a chain-thermal process 

The alky! nitrate vapours can show three modes of decomposition —explosive ignition, faint 
luminescence (glow) decomposition unaccompanied by hght. These decompositions involve 
as intermediate processes the oxidation of aldehydes and alcohols by nitrogen dioxide, and 
the inflammations of such mixtures have been examined separately. Mixtures with nitrogen 
dioxide of methy! or ethy! alcohol show the same three modes of reaction as methyl nitrate; 
formaltehyde and acetaldehyde appear to have oaly two modes of reaction—slow reaction and 
explosion 


Wen methy! nitrate vapour is admitted to a hot vessel, decomposition occurs and the nature 
of the decomposition depends on the pressure of the vapour and the temperature of the vessel. 
At low temperatures reaction is slow; at higher temperatures (above 250°) above a critical 
pressure limit, the decomposition is accompanied by a faint, blue glow, and above a second 
pressure limit spontaneous ignition occurs explosively. If these limits of glow and explosion 
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are plotted as functions of temperature, the regions on the diagram correspond to the three 
modes of decomposition. 

Mixtures of methyl nitrate vapour with argon and nitrogen explode more readily than 
does the pure vapour itself; this behaviour shows that self-heating is of secondary 
among the factors influencing explosion. As this effect is observed at pressures where there is 
no tendency for the decomposition reaction to lose its first-order kinetics (the value of & is 
maintained down to pressures of the order of 2 mm. (Appin, Chariton, and Todes, Ada Physico- 
chim. U_R.S.S., 1936, 5, 655), the explosion must be explained in terms of autocatalysis involving 
branched radical-chains. The inert gases aid explosion by impeding the rate at which radicals 
diffuse to the walls. Such explosions are often sensitive to the influence both of added inter- 
mediate products and of smal] amounts of foreign substances (sensitizers and inhibitors) and 
to the nature as well as the extent of the vessel surface. The explosion limit of methy! nitrate 
has been measured in vessels the surfaces of which were coated with different substances, and 
in the presence both of initially added decomposition products and of some common sensitizers 
and inhibitors. The influence of some of these factors on the inflammation of ethy! nitrate 
has also been examined. 

Although not of primary importance, self-heating may play some part; to assess its con- 
tribution the effects on explosion of diluents with different diffusion constants and specific 
heats have been measured 

The decomposition of the alky! nitrates is a complex process, and both glow and explosion 
processes appear to be due to reactions occurring among the intermediate products formed, 
¢.g., the reactions of aldehydes and alcohols with nitrogen dioxide. The salient features of 
some of these reactions have been investigated so as to identify glow and explosion processes 
more nearly; and mixtures with nitrogen dioxide of the simple aldehydes and alcohols show 
modes of inflammation very similar to those of the pure nitrate esters. 


EXPERIMENTAL. 


Materials —Methy! and ethyl nitrates were supplied by the Explosives Research and Development 
Establishment, Waltham Abbey. They were distilled under reduced pressure, and only the middie 


Fis, 1. 
Apparatus for determining limits of infammability of vapours. 
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fractions were used. Argon and carbon dioxide were taken from cylinders. Nitrogen dioxide was 

by heating dry “ AnalaR ™ lead nitrate and off the ox from the frozen dinitrogen 
tetroxide. A sample of 98% pure tetraethyl-lead wie expgied by the Research Laboratories, 
Thornton. 


Formaldehyde monomer was from yde by the method described by Spence 
LA Woy DT pr 
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with the gases stored in the bulbs B and C can be prepared in the bulb 4 by means of sensitive glass 
Bourdon gauges. The whole line can be heated electrically to prevent polymerization during experi- 
meats with monomeric ——- All the taps are lubricated with greases to minimise 


vapours reaction vessel is kept at a steady, uniform temperature in the 
furtiace; it can seen through a window in the side. The furnace is built around an electrically 
heated, clear quarta tube. To achieve tem ure uniformity, power is supplied to different sections 
independently, and a metal sheath surrounds the reaction vessel. The temperature, which is kept at 

ue by a Samvic RTI thermostat, is measured with an accurate platinum-resistance 


wmmation of Methyl Nitrate Vapour —The pressure limit of spontancous ignition in a Pyrex 
vessel over a temperature range 310-380" was determined. Above about 400° in this apparatus it 
became difficult to distinguish this explosion from the glow. No induction periods were observed. 
The explosion limit in vessels of different diameters and with different surface coatings was measured 
(see T 1). Explosion is more difficult in smaller vessels, as observed by Appin ef ai. (loc. cit.) ; this 
fact may be explained in terms either of self-heating or of radical chains. Explosion and glow limits 
were higher in vessels coated with potassium todide than in one with a potassium chloride surface, and 
such a result, together with the di ¢ in numerical values for explosson limits obtained by different 
workers and the phenomenon of “ conditioning “ the reaction vessel (the i roducibility of the first 
few explosion limits in a new vessel or one exhaustively evacuated), provide support for a radical 
mechanism 


Tasiz I 


The effect of the nature and extent of vessel surface on explosion and glow limits of methyl 
nitrate 


Temperature 350°. 


Pressure limit (mm. Hg). 
5-Cm. Pyrex vessel 3-Cm. Pyrex vessel 
Surface ‘volume ~ 69 cm.“ Surface (volume «© © 5 cm“ 
Process Clean. Clean KCl-coated. KI-coated 

(low ol o2 oO3s 
b aplosion 1s 20 21 2:3 

In the vesse! coated with potassium todide the difference between glow and exploswn was less clear, 
and instead of the sharp distinction between a bright yellow flash and a feeble blue glow, as in the quartz 
vesse! (Gray and Vote, Nature, 1049, 164, 830; Proc. Roy. Soc., 1949, 200, A, 114) the colour of the 
explosion itself became blue near the limit 


The effect on the explosion limit of adding intermediate products of decomposition was examined, 
and mixtures of methyl! nitrate with nitrogen dioxide (cf. Appin ef al., loc. cit.), formaldehyde, and 
methy! alcohol were examined. Only the methy! alcohol showed any effect, lowering the explosion 
bmit ina 3-cm. Pyrex vessel coated with potassium iodide from 2-3 mm. to 2-1 mm. Mixtures with 
tetraethyl-lead were also examined, and this compound was found to have no effect 


According to the radical-chain theory of explosions, added inert gases, by impeding the diffusion 
to the walls of the active radicals, aid explosion, whereas according to the thermal theory, dilution makes 
explosion more difheult by increasing the thermal conductivity and thermal capacity of the mixture 
beth effects reducing the intensity and rate of self-heating. Thus the influence on the explosion limit 
of inert diluents of differing physical properties can give information about the importance of self 
heating Table Il lists values in terms of those relative to helium of diffusion constants, D, thermal 
conductivities, 4, and molecular specific heats, C, of three gases, and it may be seen that. although 
specific heats and diffusion constants do not vary similarly, thermal conductivities and diffusion con 
stants do, being related according to the simple kinetic theory by the relation A a D¢ 


Taste Il. 


Comparison of specific heats at constant volume, C, thermal conductivities, k, and diffusion 
constants, D 


Temperature 375°. 


(All magnitudes in terms of helium 


A Aue. D Due. 
Argon 13 O15 
Nitrogen ou 013 
Carbon drosxide : 0-16 O-o8 


It is for this reason that comparison of behaviour as diluents of the series of gases He, Ne, A, Kr, 
Xe of identical specific heat does not provide a means of distinguishing between the two mechanisms, 
since any difference in the effect on explosion limit can be ascribed either to differences in thermal 
omductivity or to the identical differences in the diffusion constants. In the pair of gases argon and 
carbon dioxide, howewer, the distinctions are clear, The specific heat of carbon dioxide is greater than 
that of argon. s Hf explosion is due entirely to self-heating, carbon dioxide should quench it more easily 
However, if the explosion is due entirely to radicals, because carbon dioxide impedes diffusion more 
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Taste UI. 
Effect of diluents on spontaneous ignition limit of methyl nitrate. 
Composition of vapour. regent > poem et 


Pure MeO-NO, 
0-5 Mole argon 
0-5 Mole CO, 
0-67 Mole argon 
0-67 Mole CO, 


Both gases lower the explosion limit at all the dilutions examined, and the greater the dilution the 
lower the explosion lumit. As the dilution increases, distinctions between glow and explosion diminish, 
and in mixtures of 4: 1 and 9: ! carbon dioxide : methyl! nitrate ratios it is very difficult to distinguish 
between the two processes. These observations re-emphasize the primary importance of radical 
diffusion 


Argon reduces the explosion limit more than carbon dioxide does, and the higher the temperature 
the greater the difference between them. Since carbon dioxide has a greater specific heat than argon 
this a be explained in terms of the difference in the degree of self-heating occurring, which will be 
less with carbon dioxide than with argon, especially at the higher temperatures where the difference 
in specific heats is greater. 


Inflammation of Ethyl Nitrate Vapour.—It was not possible to observe distinct glow and ¢ nm 
processes when pure ethyl! nitrate vapour was admitted to a Pyrex vessel of 3 cm. diameter at , but 
only a blue inflammation of continuously varying intensity and duration. This observation is in : 
ment with the analyses by Bawn and Adams (Trans. Faraday Soc., 1949, 45, 494), who found the i agree. 
of inflammation to alter in proportion at diferent tensperatures but to contain very little nitrogen, 
suggesting that this flame corresponds to a reaction less cor:plete than the explosion of methy! nitrate 


Pollard, Wyatt, and Marshal! (Nature, 1950, 165, 564) found that added ni dioxide in widely 
differing proportions made possible the propagation through the cold vapour of ethy! nitrate of a flame 
initiated by a spark, and the eflect of the oxide on its spontaneous ignition limit was accordingly 
examined at 350°. A mixture of equal amounts of ethy! nitrate and ed to 
behave like pure ethyl nitrate, one with about two-thirds of the proportion of | nitrogen Giontde showed 
clearly the distinct modes of explosion and glow, the bright flame being carried back through the cold 
mixture in the line. This behaviour is paralleled by that of oxygen mixtures, which also show both 
the glow and explosive combustion. 


Intermediate Reactions occurring in the Inflammation of the Alkyl Nitrates.—The initial step in the 
therma! decomposition of the alky! nitrates appears to be the breaking of the O-N bond : RO-NO, ——> 
RO- + NO, (Appin, Chariton, and Todes, loc. ct.; Bawn and Adams, loc. ct.; Phillips, Nature, "1047, 
160, 753; lone 65, 564). Nitrogen dioxide is found asa product of the slow decomposition and may 
also be isolated (by freezing) after the glow process has occurred. Subsequent reactions of the aypro- 
priate alkoxy-radical lead to the formation of formaldehyde polymer from methyl nitrate decomposition 
and of some ethy! alcohol from ethy! nitrate decomposition, and the further reactions occurring during 
explosion involve both the reduction of the nitrogen dioxide to nitric oxide and nitrogen and its dis- 
sociation into nitric oxide and oxygen. Accordingly, the inflammations of mixtures with nitrogen 
dioxide of the simplest aldehydes and alcohols have been examined in outline. 


Inflammation of Methyl Alcohol-Niutrogen Dioxide Mistures.—When methyl alcohol vapour is mixed 
with nitrogen dioxide and the mixture admitted to the hot vessel, modes of reaction are observed which 
are identical with the modes of decomposition of methyl nitrate, etz., slow reaction, reaction accompanied 
by a faint blue glow, and explosion. Mixing of the alcohol and nitrogen dioxide, however, is always 
accompanied by a fall in pressure and reaction occurs. Methyl! nitrite has been identified spectro- 
scopically among the products, and the mixed acid anhydride nitrogen dioxide is presumably reacting 
to give both nitrate and nitrite esters. This is in accord with the results of Harris and Siegel (/. Amer 
Chem. Soc., 1941, 63, 2520), who detected no reduction of the dioxide to monoxide on mixing with methyl 
alcohol. The minimum pressures required for glow and explosion at 350°, 02 mm. and 5 mm., respec- 
tively, are comparable with those of methy! nitrate itself, 02 mm. and 2 mm. 

Fig. 2 shows the explosion and glow limits at 350° of mixtures containing different amounts of 
nitrogen dioxide. In calculating the mole-fractions in terms of nitrogen dioxide allowance has been 
made for the association reaction 2NO, ==> N,O, though in this case the interaction of the two com- 
ponents makes the calculated mole-fractions only approximate indications of composition 

Dilution of methy! alcohol nitrogen dioxide mixtures with argon makes both explosion and glow 
easier, total pressures for these processes in dilute mixtures at 350° being : 

Mixture 1, 200 vols. A + 1 vol. CHyOH + 1 vol, “ NO,” glow limit 5 mm. 

Mixture 2, 2 vols. A + 1 vol. CH,OH + 1 vol. “ NO,” explosion limit 7-4 mm 

Inflammation of Ethyl Alcohol~Nitrogen Dioxide Mixtures.— Mixtures of ethy! alcoho! and nitrogen 
dioxiie also show glew and explosion regions, though the explosions are given only by dioxide-rich 
mixtures which can react to give either a blue glow or a vellow flame: ¢¢.,a mixture of | vol. of EtOH + 
2 vols. of “ NO,” (1EtOH : 3-7NO,), admitted to + hot vessel at 350°, glows at 3 mm. and explodes 
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atlOmm Mixtures weaker in nitrogen dioxide show only a blue inflammation which cannot be assigned 
definitely to glow of explosion process. Reaction also occurs in these cold mixtures, however, and ethy! 
nitrate may be present. 
Inflammation of Formaldeh Nitrogen Dioxide Mistures.—The app 
aad a merization of the 
ery little reaction ocurred during the period of 
when the mixtures were admitted to ‘unaccompanied by 
Gy b tone Gaaes and ealeet ommialen No induction periods 
with these mixtures, which exploded more readily the Ay 4 the temperature, as found 
by Pollard and Woodward (Trans. Faraday Soc., 1949, 45, 767) pressures of the order of 
Pa mm. were required for explosion in the 3-cm. diameter vessel, and rather less in the 5-cm. vessel. 
Kees “~~ - to the blue luminescence of decomposing methy! nitrate was observed either 
at * or at 400 





Fie, 2. Fis. 3. 


Inflammation of methyl alcohol witro- Inflammation of acetaldehyde nitrogen 
gem dioxide mixtures. diontde mixtures. 


Biwe —_, flames 


Laplosion 


$ Laplosion 
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0 0 0-5 on 4 
Mole- fraction of NO». oS tnycno Mole- fraction of NO. . 











Inflammation of Acetaldehyde-N vtrogen Dioatde Mixtures. Mixtures of acetaidehyde and nitrogen diox- 
ide were also examiped, and again only two modes of reaction —siow, dark reaction and immediate, explo- 
sive ignition — were found at the temperatures (350° and 400") studied. No difficulties from polymerization 
were encountered. The variation with mixture composition of the spontaneous ignition limit was 
measured at these temperatures, and it was found that mixtures with about 0-8 mole of the dioxide 
(stoicheiometric O79) were the most easily ignited (Fig. 3). This is also the mixture found by Hale 
(Pollard, private communication) to react most readily. The colour of the flames obtained altered 
from blue to yellow as the composition altered from aldehyde-rich to nitrogen dioxide-rich mixtures. 


Discussion. 


The different modes of decomposition of methyl and ethyl nitrates correspond to different 
stages in reactions among the immediate products of decomposition of the original molecule 
The reaction producing the glow does not appear to be sharply different in character from the 
slow decomposition, since nitrogen dioxide remains after the glow (which occurs at pressures 
and temperatures too low for any oxidation by nitric oxide to be responsible). Furthermore, 
since aldehyde—nitrogen dioxide mixtures do not show the glow reaction, it is clear that in 
this process the light-emitting species must itself be produced from either ROH molecules or 
RO radicals, and it is not unlikely that, as in the case of cool flames in hydrocarbons, the 
emission of light is incidental to the main decomposition reactions 

The explosion of methy! nitrate is a much more nearly complete decomposition and is 
normally sharply different from the glow; during it, nitric oxide is reduced to nitrogen, and 
aldehydes and alcohols are oxidized. As the removal of nitric oxide is made more difficult 
by extensive dilution of the methy! nitrate, so that its partial pressure is lower and the tem- 
perature does not rise so much, the explosion loses its bright yellow flame for a blue one. In 
decomposition of ethyl nitrate the unfavourable oxygen balance makes the attainment of 
sufhciently high temperatures for the complete removal of nitric oxide impossible, and bright 
yellow flames and violent explosion can be obtained only with added oxygen or nitrogen dioxide ; 
similarly, at these pressures, only those mixtures of acetaldehyde or ethy! alcohol with a large 
proportion of nitrogen dioxide will explode vigorously. 

The effect on the explosion of methyl nitrate of the different diluents examined shows 





(1950) Condensation of 2-Dimethylaminomethyicyclohexan-\-one, etc. 3185 


clearly that self-heating cannot be neglected in a complete account of its decomposition, though 
ae es tee Ne the explosion may be assigned to the class of ignitions called 
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621. The Condensation of 2-Dimethylaminomethylcyclohexan-|-one 
with Acetylenic Compounds. 
By R. A. Rapnagt and Franz Sonpuxmer. 
2-Dimethylaminomethylceyelohexan-l-one and the Grignard compounds of |-ethynyleyele- 


hexan-l-ol and a clohex-l-ene react normally to give the expected products. A 


description is given unsuccessful attempts to convert these products into compounds 
containing a conjugated triene system similar to that occurring in vitamins D. 


ALTHOUGH it is fifteen years since the structures of vitamins D were elucidated by Heilbron’s 
and Windaus's schools comparatively few attempts have been made to prepare simple analogues 
containing their characteristic and unusual conjugated triene system. The only well-authen- 
ticated substance of this type is the monocyclic triene (VII) prepared by Milas and Anderson 
(J. Amer. Chem. Soc., 1939, 61, 2534). In order to prepare the dicyclic analogue (V1) which 
would more nearly approximate to the vitamin D structure, the following route was envisaged : 
CHyNMe, CHyNMe, 
NN 4 
+ cHec ——— C=C 
HO oH HO 
(ih) au.) 


H, 
=CH—CH=CH, 


vil 

The Grignard complex from 1-ethynyleyclonexan-1-ol (II) condensed readily with 2-dimethyl- 
aminomethyleyclohexan-l-one (1) to give an easily separable mixture of the expected two 
racemic givcols (III). Catalytic partial hydrogenation then gave smoothly the corresponding 
ethylenic giveols (IV). However, (IV) could not be reduced to the diene (V): phosphorus 
di-iodide (Kuhn ef al., Helv. Chim. Acta, 1928, 11, 87; Ber., 1938, 71, 1889) yielded only tars, 
and chromous chloride (Conant and Bigelow, J]. Amer. Chem. Soc., 1931, 68, 676; Kuhn ef ai., 
Ber., 1938, 71, 1510; 1940, 78, 1410) left the glycols unchanged. Attempted Hofmann 
reactions with the prem 0 (IIT) and (ITV) led At soba to polymers. 

Next we considered the following scheme 


H,NMe, CHyNMe, 
+ =c—| cach 
° (vin) OH QS 


Sac * Gar ~ GEp0 
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The carbinol (IX) was obtained as a liquid mixture of the two racemates from which a pro- 
portion of one component crystallised. Partial hydrogenation of (IX) over palladium-caicium 
carbonate produced the required compound (X) possessing the cts-configuration, and reduction 
with lithiem aluminium hydride furnished the frans-isomer (cf. Chanley and Sobotka, J. Amer 
Chem, Soc. 1049, 71, 4140). A model of cis-(X) indicates considerable steric interference 
between the cyclohexeny! ring and the substituted cycichexane nucleus, so that the uniplanarity 
of the light-absorbing diene system is hindered. This inhibition of resonance is indicated by 
the low intensity of the maximal light absorption (),,,, 2280 a., ¢ = 6500) (cf. Braude, Jones, 
Koch, Richardson, Sondheimer, and Toogood, /., 1949, 1890). No such steric hindrance 
occurs in the case of the more extended molecule of trans-(X), and this is mirrored in its norma! 
light absorption properties 0... 2365 a, ¢ = 20,500; Aye 2200 a. ¢ = 18,500) 

Attempts to carry out the Hofmann elimination reaction with cis- or trans-(X), in order 
to obtain (XJ), led only to polymers. It is realised that subjecting such sensitive compounds 
to the relatively drastic conditions of the Hofmann reaction could be avoided if 2-methylene- 
eyclohexan-l-one were employed in the first condensation. In practice, however, this ketone 
readily dimerises irreversibly (Mannich, Ber., 1941, 74, 554) so that it is difficult to use it for 
synthetic purposes. In spite of this, investigations along these lines are in hand. 


EXPERIMENTAL. 


2-Dimethylaminomethyleycichexan-l-one was prepared essentially by the method of Mannich and 
Braun (Ler., 1920, 63, 1875, cf. Howton, J. Org. Chem., 1947, 18, 379). 


Acetylenic Glycols (U11).—-The Grignard complex of l-ethynyleyciohexan-l-ol (31 g.) was prepared 
in the usual manner from the carbinol, ethyimagnesium bromide (from magnesium, 12 g ), and ether 
(7% ¢.<.). 2%-Dimethylaminomethyleyelohexan-l-one (39 g.) in an equal volume of benzene was then 
added dropwise with cooling and stirring. The homogeneous reaction mixture was kept at room 
temperature for 16 hours and then decomposed with excess of ice-cold 2N-sulphuric acid he aqueous 
layer was extracted twice with fresh ether and then basified with ammonia (d 0-880); the resulting oi! 
was isolated by means of ether. The crude product was dissolved in an equal volume of warm dry 
ether, and the solution set aside at 0° overmght. The white 1-(2-dimethylamaunomethy/-|-hydroxycycio- 
heryl)-2-(l-Aydrosycycloheryl acetylene which separated was filtered off, washed with a little cold ether 
and crystallised from light petroleum (b. p. 80-100"), from which it formed rosettes, m. p. 136-——137 
(223 g.) (Pound: C, 732; H, 10-5; N, 48%; active H (Zerewitinoff), 202. C,,H,,O,N requires 
©, 73-1, H, 106; N, 509%; active H, 2). The Aydrochloride crystallised from alcohol-ether in small 
prisms, m. p. 182-183" (Found: N40. C,,H.O,NCi requires N, 449%); the methiodide, m. p. 148 
140°, crystallised in platelets from alcobol-et y! acetate (Found: N, 31. C,sH,,O,NI requires 
N, 33%) 

Evaporation of the ethereal mother-liquor furnished a viscous liquid which solidified on being 
triturated with light petroleum (b. p. 40-60"). Crystallisation from hght petroleum (b. p. 60-—80*) 
gave the isomeric giyeol (17-2 g.) as needles, m 102-103" [Found : C, 72-95; H, 10-35; N, 5-3%; 
active H (Zerewitimofi), 205 The sydrochlor crystallised from alcohol-ether as a microcrystalline 
powder, m. p. 193-104" (Pound: N, 45%); the methiodide, m. p. 244°, crystallised in platelets from 
alcohol-ether (Found: N, 3-05%,) 


Ethyvlentc Giveools (TV) The higher-melting acetylenic glycol (3-4 g.) in methanol (25 c.c.) was 
shaken with hydrogen in the presence of palladium-—caicium carbonate (500 mg.; 5%) until one mole 
of hydrogen had been absorbed; a distinct check in the rate of uptake was then observed. Removal! 
of catalyst and solvent yielded a thick oil which was taken up in light petroleum (b. p. 40—60") and 
set aside at room temperature overnight. The small amount of unchanged acetylenic glycol that had 
separated was filtered off, the light petroleum evaporated from the filtrate, and the residue distilled in 
a bigh vaceum.  1-(2-Dimethylammomethy!l.|-sydrorycycloheryl)-2-(l-aydrorycycloheryljethylene (1V) 
(2-9 g.) distilled as a viscous liquid, b. p. 106-—110° (bath-temp.) /10°* mm., nf? 1-5100 [Found : C, 72-9; 

- ' H, 10-99%: active hydrogen (Zerewitinoff), 2-05. C,,H,,O,N requires 
C, 72-5, H, 111%; active hydrogen, 2 An attempt to prepare 
the dibenzoate by the benzoy! chloride-pyridine method gave a com- 

CHONMe. HCl pound crystallising from nitroethane in large prisms, m. p. 175—176 

“eee analysis indicated it to be 2-dimethylamimomethyl.2 5’ -dihydrodispiro 
MIL) cyclohexane-1 : 2'-furan-5'-1"-cyclohesane) Aydrochloride (5: 5-(1-di- 

meth viamimomethylpentamethylene).2 5-dih\dro-2 2. pentamerthylenc furan hydrochloride (XIII), formed by 
dehydration of the glycol (Found: C, 63-6; H, 98; N. 4@4. C,,H,ONCI requires C, 68-05; H, 10-1; 
N, 465% 
Under exactly similar conditions the lower-melting acetylenic glycol (1-76 g.) furnished the corre- 
rvientc giveol (1-4 g.) as & viscous liquid, b. p. 110° (bath temp.) lo* mm =f 1-5060 (Found 
10%. active hydrogen (Zerewitinoff), 2-1 


ittempied Reduction of the Ethylenic Giycois (IN (a) To a solution of phosphorus di-iodide {from 
phosphorus (0-25 g.) and iodine (2-05 ¢ Germann and Traxler, /. Amer. Chem. Soc., 1927, 48, 307 
im carbon disulphide (30 ¢.c.) was added a solution of either of the ethylenic glycols (2 ¢.) in carbon 
disulphide (10 An immediate tarry black precipitate was formed. After 30 minutes the solvent 
was removed under reduced pressure and the residue basified with ammonia; extraction with ether 
followed by evaporation of the solvent furnished a dark gum from which no pure entity could be isolated 
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(d) A solution of chromous chloride was made by treating chrinic chloride bexahydrate (9 g.) in 
water (10 c.c.) with zinc (15 g.) and concentrated hydrochloric acid (21 c.c.) (ef. Jmorg. Sywth., Voi. 1, 
124); the resulting blue solution was filtered under nitrogen into a solution of either of the ethylenic 
giycols (4 g.) in 6~-hydrochioric acid (25 ¢.c.). After one hour at room temperature the solution was 
cooled, basihed with ammonia, and extracted continuously with ether, drying (MgSO,) and 
evaporation of the extract furnished rnisbed the unchanged ethylenic glycol. 


Acetylene Carbimols (1X).--The Grignard complex of |-eth on ray ete l-ene was prepared im the 
usual manner from the hydrocarbon (27 g.), ethyimagnesium from magnesiam, 6 ¢.), and 
ether (500 ¢.c.). Dibteuethptemnemetagtipanadaacd one a0.) in Ge saul volume af tance ams 
added dropwise with stirring; the homogeneous reaction mixture was set aside at room temperature 
for 16 hours and then decomposed with excess of ice-cold 2n-sulphuric acid. The aqueous layer was 
extracted twice with fresh ether and then basified with concentrated aqueous ammonia. The resulting 
oil was isolated by means of ether; distillation furnished a mixture of the two > carbinols 
(LX) (37 g.) as a colourless + b p 132° /10°* mm., wf? 1-6215 (Found: C, 782; H, 10-5; N, 54, 
Cale. for C,,H,ON: C, Th1; H, 104; N, 56-35%). ht absorption (in ethanol) . Anan, 2280 a 
e =~ 16,000. After some time inet uct deposited a small quantity (3 g.) of one form of 1- (2-dimmeth yi - 
aminomethyl-\-hydroxycyclohesyl)-2-(cyclohes-l-enyljacetylene in a crystalline form: crystallisation 
from light petroleum (b. p. 40-60") furnished silky needles, m po 90100" (Found; C, 784; H, 104; 
N, 5-6*,). Light absorption (in ethanol): A. 2270 a..¢ « 1 

Ethylene Carbemols (X).—(@) A solution of the acetylenic ouhted (TX) (7-53 g.) in methyl acetate 
(SO c.c.) was shaken under bydrogen in the presence of palladium-<aicium carbonate (750 mg.; 03%) 
until one mole of hydre had been absorbed. Removal of c heosh a and solvent followed by dis- 
tillation furnished cis-1-(2-drmethyl Ayl-l-Aydroryeyc 2- ey pn (®) 
(66 ¢.), b. p. 112-114") 1o-* mm, si 1-5106 (Found - C, 77-5; H, tas 
H_ 11-19%). Contrary to the experience of Chaniey and Sobotka (Joc. cit.) _ 
dithculty was encountered in obtaining a good yield of homogencous 


(6) A suspension of lithium aluminium hydride us g)in ether (500 c ¢.) was heated under reflux 
for 30 minutes, a solution of the acetylenic carbinol (1X) (28 g.) in ether (100 ¢.c.) was then rapidly 
added and the heating continued for four hours. The reaction mixture was then cautiously decom 
with ice and dilute sulphuric acid, the aq layer basified with sod hydroxide solution, and the 
precipitated oil isolated by means of ether. Discilletion furnished - trans-cerbimol (X) (23 g.) as a 
pale yellow liquid, b. p. 116—118°/10°* mm., »}f 15352 (Found ; C, ; H, 11-3%). 


Attempted Hofmann Reaction on (X).—To a solution of the ccemmentiiod (X) (27 g.) in light petroleum 
(b. p. 80"; 100 c.c.) was added methyl iodide (30 g.), and the reaction mixture at room 
temperature for 2 days. The solid mass formed was filtered off, washed with light petroleum, and air 
dried; it was dissolved in water (150 c.c.), and the solution shaken for | hour with silver oxide (from 
silver nitrate, 30 g.). Filtration and evaporation under reduced pressure gave a crystalline mass of the 
corresponding quaternary hydroxide, which, on being heated to 130° /10* mm... rf ly evolved gas 
with the formation of a thick undistillable oi] setting to a glassy resin on being coo few drops 
of distillate obtained were completely soluble in acid probably consisted of a small quantity of 


regenerated parent base. When subjected to this reaction the cis-carbinol behaved in an exactly similar 
fashion 





Cy,HgON requires C, 77-5, 
he similar compound no 
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622. Preparation of Unsaturated Long-chain Alcohols by Means of 
Lithium Aluminium Hydride ; Some Typical Members of the Series. 


By S. P. Licragtm, E. vow Ruptorr, and Dowatp A. Suttox 


The alcohols corresponding to six naturally occurring fatty acids have been prepared in 
excellent yields by reductum of the acids or their esters with lithium aluminium hydride 


Nor the least of the difficulties associated with the isolation and purification of the polyethenoid 
acids of certain fats is the risk —difficult to assess—of their isomerisation during the saponification 
of the glycerides from which they are derived. As a first step towards a study of these acids, 
therefore, the possibility is being explored of producing such polyethenoid alcohols, without 
rearrangement, by direct reduction of the esters with lithium aluminium hydride. Several 
esters and fatty acids of known constitution have been submitted to such reduction and the 
yields and purities of the products assessed. 

Esters of several fatty acids of wide occurrence have been reduced by previous authors, most 

9s 
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of whom have employed the Bouveault-Blanc procedure. Thus Reid ef al. (Org. Synth., Coll 
Vol. IL, p. 468) prepared oley! alcohol in §2-84%, yield from #-buty! oleate, and Kass and Burr 
(J. Amer. Chem, Soc., 1940, 62, 1797) obtained linoley! and linoleny! alcohols in 40-60% yields 
from esters of linoleic and linolenic acids. Ketter yields were obtained in similar cases by Hansley 
(ind. Eng. Chem., 1047, 39, 55) who used xylene solution and secondary or tertiary alcohols to 
react with «dium. The Bouvealt-Blanc method i not applicable, however, to the redaction 
of esters containing conjugated unsaturation, ¢ g , elaostearic ester (a conjugated triene) and 
ximenynic ester (a conjugated enyne) (Ligthelm and Schwartz, J. Amer. Chem. Soc, 1950, 72, 
1868) 

An alternative method is catalytic reduction at high temperatures and pressures as used by 
Sauer and Adkins (/. Amer, Chem. Soc., 1937, 58, 1) for the preparation of oley! alcohol, but the 
yields are commonly less than 70%, and the method is likely to suffer from disadvantages similar 
to those experienced with the Bouveault-Blanc procedure in the case of conjugated compounds. 

It is now reported that the alcohols corresponding to ricinoleic, linoleic, linolenic, a-elaro- 
stearic, S-clmostearic, and ximenynic acids can be obtained in excellent yields (ca. 90%) by 
reduction of the acids or esters with lithium aluminium hydride (Nystrom and Brown, J. Amer 
Chem. Soc., 1047, 69, 1197, 2548). In each of the examples studied, as was expected, the only 
structural change which occurred was the reduction of ~CO,R or ~CO,H to ~CH,OH ; no reduc- 
tion of double bonds took place although an excess of lith:um aluminium hydride was used in 
each case. In an attempt to reduce the conjugated enyne group of ximenyny! alcohol to the 
corresponding diene by further reaction with lithium aluminium hydride no reaction occurred ; 
this behaviour contrasts with the successful reduction of a conjugated enyne containing a 
non-terminal acetylene group (Chanley and Sobotka, ibid, 1949, 71, 4140). The ricinoleyl and 
linoleny! alcohols had properties in agreement with those described in the literature. The melting 
point of the linoley! alcohol tetrabromide was somewhat higher (by 5°) than recorded by Kass and 
Burr (loc. cif), whose statement that the alcohol tetrabromide can be oxidised to the corresponding 
linoleic acid tetrabromide was confirmed. The «-elaostearyl, §-elwostearyl, and ximenynyl 
alcohols gave bands in the ultra-violet absorption spectrum characteristic in position and 
intensity to those from the parent acids, and the §-clwosteary! and ximenyny! alcohols were 
hydrogenated to octadecan-l-ol. In the case of the a- and §-elwosteary! alcohols the double- 
bond positions were further confirmed by oxidative degradation to n-valeric and azelaic acids. 
On vacuum-distillation the liquid 2-elwostearyl alcohol isomerised to the solid §-eleostearyl 
alcohol 


EXPERIMENTAL. 


Lithium Aluminium Hydride Reductions.The procedure used was essentially that of Nystrom and 
Hirown (loc. est.), viz. powdered lithium aluminium hydride (usually theoretical amount by weight plus 
35..-80%)* was refluxed with dry ether for 2 hours with constant stirring, at heric moisture being 
excluded, a solution of the ester or acid, in dry ether, was added at a rate sufficient to cause gentle 
refluxing; at the end of the addition the refluxti@ and stirring were continued for a further period (¢.¢., 
30 minutes), followed by cooling in ice-water. The complex was decomposed by the addition of cold 
10% aqueous sulphuric acid and the reaction product isolated by ether-extraction in the usual way. 


Materials —The ricinoleic acid was a specimen (> 909% pure) kindly given by Dr. F. Hawke of the 
Universty of the Witwatersrand . methyl linoleate and linolenate, made by debromination of tetra- 
bromostearic and hexabromostearic acids respectively, were purchased from the Horme! Foundation, 
US.A., eelmostearic acid was prepared from tung oi! (Hilditch and Riley, /. Soc. Chem. Ind., 1946, 
65, 74) by Dr. D. BE. A. Rivett of this laboratory; f-elmostearic acid was obtained by isomerisation of 
the e-acid with a trace of iodine; ximenynic aciki was obtained by the procedure of Ligthelm and 
“hwartz (loc. cst.) 


lodime Values.—The Wijs one-hour procedure was used; the results (I.V.) are expressed as g. of 
kutine per 100 ¢ ef substance. Somewhat low results were obtained with the non-conjugated alcohols to 
which this method is applicable; no attempt was made to modify the procedure to obtain theoretical 
vaiues 


Ruanoleyl Aleohol.— Ricinoleic acid (2-34 g.. 0-00785 mol.) and lithium aluminiom hydride (0-40 ¢., 
00105 mol, i.¢., 35% excess) were used The ethereal solution of the product was washed with 2% 
aqueous potassium hydroxide to remove any unc hanged acid and was then worked up, to give ncinoley! 
alcohol (2-06 g., 92-59%) as a colourless, viscous liquid which was free from selective absorption in the 
ultra-violet region and had [eff + 5-7° (undiluted), b.p. 178°05 mm., aff 1-4700, 4? 0-8909, and 

Rely 88-08 (Cale, 87-91 Found C, 754; H, 126%; LV., 82-7. Cale. for C,,H,,0,: C, 761; H, 
12-7%; LV. 88-4) 


* Cale. according to the method of Nystrom and Brown. The fact that small amounts of unreduced 
acu! or ester were present in some SS, after reaction may have been caused by consumption of 
et 


hydride by traces of momsture in the + and apparatus or to lack of purity of the hydride itself. 
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ee of Ricemoleyi Alechol.—H in ethyl! aleohol solution in the 
m carbonate yielded octadecane- . p. 70-45-80" (from ethy! alcool) (Stine. 
rand Yao Age Chem See. J Aly op + #3 (im ethyl alcohol) 
(Found ; 0-5074 g. took up 468c.¢ of H, (NTP). Cale. for C #7 Tec. Hy). 

Linoley! Aleohol.—Methy! linoleate (5-88 g., 0-020 mol.) and ne aluminium hydride (0-55 ¢.. 
06-0145 mol., i.¢., 45% excess) were used. The product (6-3 g.) was distilled at 0-5 mm. 6 
column packed with with Teri saddles, giving (a) bp. Mad Las" Boe. (b) b. p 146 —146" (0-75 
b. p. 146—147° (1-25 ¢.). Carbon and eenee Seen ESO ae Oe O08 FA wee a lly 
pure linoleyl alcohol, whereas (4) contained some unchanged ester, hydrolysis of (4), followed by removal 
of free fatty acid, showed that 9-5% of linoleic ester was present, the final yield of alcohol being therefore 
89% plus some amount (ca. 4—5*%,) accounted for by distillation hold-up. The alcohol gave »ff 1-4678, 
@ 0-8588, [Ry)p 86-06 (Calc. 85-92) and E}, aeeer We ae ie Gato: C. 001% of 
con) -_ ag it (Found : C, 810; i. 13 tei vist. Cale. for C si ~~" “ 
12-43%, The alcohol was characterised tice of ts welt ferabromude 
93", ia ine, slehd (itnee ame Dace, toes oak, record a 48 96°) which wes oxidiosd 
by permanganate to 9; 10. 12: 13-tetrabromostearic ae imp and mand on p.) following the pro- 
cedure of Kass and Burr but using a shorter reaction time (60 minutes) 

Limolenyl Alcohol —Methy! linolenate (5-8 g., 0-0198 moi.) and lithium aluminium hydride (0-55 
06-0145 mol., t.¢., 46% excess) gave a colourless oi! ta ot which readily oxidised in aur (Found é Sl. os: 
H, 12.4% L.V., 277. Cale. for C,,H,,O : C, 81-75; Ht ; LV. , 288) containing very littie unchanged 
ester, since, after hydrolysis of a 4-90-g. sample, 4-77 ¢ y+ recovered as non-acidic material; the 
yield of alcohol recoverable was therefore 93- %. The alcohol had b. p. 142°/0-4 mm., »ff 1-4775, a 
0-8708, [Rz)p 85-64 (Calc. 85-45), and E}S, 84 at AL. 234 mp, corresponding to ca 06-84% of conju- 
gated diene present (doubtless arising trom autoxidation of the sample; cf. Farmer, Koch, and Sutton, 
J .. 1943, 541). The alcohol was characterised by the preparation of its solid hexabromide, m. p. 170°, in 
ca, 20% yield (Kase and Burr, loc. cit., record a 25%, yield and m. p. 171-172") (Found 64-25 
Cale. for € sell,OBr,: Br, 64-45%). The phenylurethane, 3: 5 dinitrobenzoate, and a-naphthylamine 
complex of the latter were oils 


a-El@ostearyl and B-Elaostearyl Alcohols. —a-Elwostearic acid (13-9 g_, 0-05 mol.) and lithium aluminium 
hydride (2-36 g., mol.; i¢., 70% excess) were used. The product, in ethereal solution, was washed 
with aqueous sodiam carbonate solution and worked up in the usual way, yielding a slightly yellow ot! 
(10-88 g., 82-59%) which solidified below 26°; the somewhat low yield was attributed to the formation of 
stable emulsions during the alkaline washing. The oil, e-eleostearyl alcohol, gave on ultra-violet 
examination, E}%, 1310, 1730, 1334 at Aw». 261, 270-5, and 281 my, respectively (in ethyl! alcohol) ; 
on distillation (b p. 150—154°/0-2 mm.) a solid S-elmosteary! alcoho! was obtained, having m. p. 58-5 
59-5° after recrystallisation from isoheptane; this gave, on ultra-violet examination, E1S, 1493, 1996, 
1529 at A... 258, a ee ey ee (in ethyl alcohol) (Found : C, 81-1; H, 128%. C,,H,,O 
requires C, 81-75; H, 12-2%) ions and intensities of the ultra-violet absorption bands of 
the otl (before distillation) and the a! of m. p. 58-5—-59-5° correspond fairly closely to for a- and 
B-elwostearic acids respectively (O'Connor and Heinzelman, J. Amer. Oi) Chem. Soe., 1947, 84, No. 6, 
212, record that the central bands of e- and £-elwostearic acids have £}%, 1686 at A... 270 mp. and ATS, 
2161 ata... 268 my., respectively (in ethyl alcohol solution)). 


Oxidation of a-Elaostearyl Alcohol.—A sample (2-06 g.) of the oil obtained above (before distillation) 
was oxidised with potassium ganate by Parmer and Brown's method (/., 1935, 761) except that 
the ot! was dissolved ina 1 wh ee | of acetone before adding the permanganate solution (in order to 
obtain a fine dispersion). The steam-involatile portion of the product (0-5 g.) was recrystallised from 
dilute aqueous hydrochloric acid, to give azelaic acid, m. p. 101-5-—103° (Found : A.V. (in mg, KOH perg.), 
600. Cale. for CJH,,0,: A.V., 596), giving no depression of m. p. on admixture with an authentic sample 
of m. p. 106° The steam-volatile portion (b. p. 177° /655 mm.) of the product was converted into the 
f-bromophenacy! ester, m. p. 62°, which gave no depression on admixture with an authentic imen 
of the ester of w-valeric acid (m. p 6363-5"). A similar permanganate oxidation of t solid 
B-elaosteary! alcohol also yielded azelaic and m-valeric acids 

Hydrogenation of B-Flaosteary! Alcohol - See of B-clwosteary! alcohol in ethyl alcohol 
in the presence of Adams's catalyst eided octadecan- wy? A, 57-5—58°, uw on admixture 
with an authentic specimen of m. p. 57-5-—58-5° (Found g. took up 25-0 c.c.H,(N.T.P.). Cale. 
for CygH yO : 25-1 c.c. H,) 


B-Elaostearyl Alcohol from B-Elewostearic Acid.—f-El@ostearic acid (0-047 g.. 0-00328 mol.) and 
lithium aluminium hydride (0-215 g., 0-00567 mol., i.¢., 130% excess) gave a product (0-782 g.. 87%) 
m. p. 56-—57°, when worked up as for the e-alcohol. After two recrystallisations from ischeptane, t 
m. p. rose to 58-5—59-5". The alcohol had E}%, 1528, 2005, and 1654 at A... 258, 268, and 279 my., 
respectively (in ethy! alcohol). 

wl Aleohol._-Ximenynic acid (1-39 g., 0-005 mol.) and lithium aluminium hydride (0-261 ¢ , 
, t.. 4% excess) were used. After washing of the ethereal solution of the product with 5 


it petroleum (b. p. 
further recrystallisat 1.4790, aff 1.4726, ES 591-5 at 
(Found: C, 81-9, H, 122. C,,H,,O requires C, 81-75: T 122%); 


© Geneva numbering. 
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simenynic acid gives A} 583 at A... 220 my. (in cyclohexane). The «-naphthylurcthane, m. p. 57— 
57-5” (trom light petroleum) (Found C, 80-35; H, 905. C,.H,,O.N wires C, 80-3; H, 906%), and 
pPhenylurcthane, m. p. 69-695 (from light petroleum) (Found: ©, 78-45; H, 10-05. C,,H,,O.N 
requires C, 78-3, H, 7%), were prepared 

Attempted Reaction of Ximenynyl Alcohol with Lithium Aluminium Hydride.—Ximenyny! alcohol 
(0-6 g., 0-0025 mol.) was refluxed in dry ether with lithiom aluminium hydride (0-1 g., 0-00263 mol.) for 
2 hours. The product had the same ultra-violet spectrum as the orgmal! ximenyny! alcohol 

Hydrogenation of Ximenynyl Alcohol. Hydrogenation in ethyl! alcohol in the presence of palladium - 
calcium carbonate yrelded octadecan-l-ol, m. p. 58-5—#0". not i on admixture with an authentic 
specimen of m. p. 50-00" Found: 001399 g. took up 3-62 ¢.c. of H, (N.T.P.). Cale. for C,,H,,O 
aM c<.). 


The authors thank Dr. W. S. Rapson for his interest in this work, Mr. D. J. S. Gray and Mr. F. W. G 
SchOning for carrying out the microanalyses, and the South African Council for Scientific and Industrial 
Research for permissson to publish this paper 
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623. The lodoform Reaction. 
By K. J. Mowcan, J Barpwett, and C. F. Curtis. 


The mechanism of the iodoform reaction is discussed. When the reaction is used for the 
determination of methy! ketones, low results are obtained unless the order and rate of addition 
and the concentrations of the reagents are properly adjusted. The inaccuracy encountered, 
when the recommended analytical procedure is not closely followed, may be ascribed, in part, to 
the competing reaction: 310 > 10, + 21 Means by which the sources of error may 
be minimised have been examined, and the optimum conditions for the use of the reaction in 
quantitative analysis determined 


Tue haloform reaction, first discovered in 1831 (Liebig, Annalen, 23, 444; Souberian, Ann 
Chim. Phys, 1831, 48, 131), has found extensive use in organic analysis. Though first developed 
as & gravimetric method by Lieben (dun. Chem., Pharm. Suppi., 1870, 7, 218) and Kramer 
(Ber, 1880, 13, 1000), it was not until it was adapted to a volumetric procedure by Messinger 
Ber, 1888, 21, 3366) that its full potentialities were realised. As examples of its use, mention 
may be made of the classical work of Tiemann (Ber., 1895, 28, 2141; 1900, 38, 3703) and of 
Simonsen (/., 1922, 121, 2292). Recently, it has been employed in this laboratory in investig- 
ations of the slow combustion of hydrocarbons and their derivatives (see, ¢.g., Cullis, Trans 
Faraday Sec., 1949, 4, 709; Bardwell and Hinshelwood, in the press). Despite the wide use 
of the reaction for the determination of methyl ketones and related substances, it is perhaps not 
commonly realised that quantitative results are not obtained unless the generally recommended 
analytical procedure (see, ¢.g., Thorpe and Whiteley, ‘ Organic Chemical Analysis,"’ Longmans 
and Green, 1926, p. 192) is closely adhered to 

One of the simplest examples of the haloform reaction is the interaction of acetone and 
iodine, usually represented by the equation 


CHYCO-CH, + 31, + 4NaOH > CHI, + CHyCO.Na + 3Nal + 3H,0 


Although this reaction is irreversible and rapid even at room temperature, it is easily shown 
that, when the reactants are mixed in stoicheiometric proportions, only a small fraction of 
the acetone 1s converted into iodoform 


It is now recognised that reaction takes place through the following stages 
a) Conversion of the ketone into the enolate ion 


CHyCO-CH, + B > (CHyCOCH, BH 


where B is the basic catalyst, usually the hydroxyl ion Extensive work on the kinetics of 
the reaction has shown that this is the rate-determining stage (Bartlett, ]. Amer. Chem. Soc., 
1934, 56, 067; Hell and Lidwell, Proc. Roy. Soc., 1946, A, 176, 88; Bell and Longuet-Higgins, 
J, 1946, 630) 

(b) Progressive iodination of this ion, resulting in the eventual formation of tri-iodoacetone 
There is little evidence to show which of the various iodine compounds present reacts with the 
enolate ion, since the rate of reaction is invariably independent of the halogen concentration 
(Bartlett, Joc. at.; Bell and Lidwell, loc. ci#.). However, in alkaline solutions of iodine, the 
principal species will be hypotedite ioms (1O~) and undissociated hypoiodous acid molecules 


4 
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(HIO);* the latter acid is very weak (A, « 45 «x 10°"; Skrabal, Ber, 1942, 75, 1570), so 
that there will be an appreciable quantity of HIO even in strongly alkaline solutions. Since 
iodination involves attack of the negative enolate jon, it would appear that the undissociated 
hypoiodous acid molecule rather than the hypoiodite ion is the species involved (cf. Ingles and 
Israel, ]., 1048, 810) 

(c) Hydrolysis of tri-iodoacetone according to the equation : 

CH,CO<!, + HOH — +» CH,CO\H + CHI, 

Reactions of this type are catalysed by bases (Richard and Langlais, Bull. Soc. chim., 1910, 7, 464) 

The present investigation was conducted with a view to increasing the reliability of Messinger's 
iodoform method by ascertaining the limiting experimental conditions needed to obtain 
quantitative results. Preliminary experiments indicated that among the main factors which 
must be carefully controlled are the order and rate of addition and the relative concentrations 
of the reagents. Systematic examination of these factors yielded the results described below 


EXPRRIMENTAL 


All experiments were carried out at 25° in an electrically controlled thermostat 


The reagents, 
with the exception of the acetone, were of “ AnalaK " purity 


the acetone was obtained from the 
Fia 1. 


The extent of reaction as a function of ime 
at 25°. 





' Fie. 2. 


The influence of the order of mixing of reagents on the 
percentage of acetome reacting 
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sodium iodide complex. Fur the determination of “ unreacted“ iodine (as both HIO and 10,”, see 
below), the solution was made slightly acid with hydrochloric acid, and titrated with standard thio 
sulphate. It was found that a slight excess of acid was sufficient to liberate all the “ unreacted 
iodine, but that a moderate excess did not interfere in the titration. Careful buffering of the solution 
before titration, as recommended by Dawson and Leslie (/., 1909, 96, 1860), was not found to be necessary 
in this work 


Results.—(1) Rate Lea eteansnen A few typical results are shown in eM. 1, which indicate that at 


ad Although the sale of positive halogen ions in halogenation veactions in acid solution is well estab- 
lished (see, ¢.g¢.. Derbyshire and Waters, ]., 1950, 564), the concentration of 1* in the strongly alkaline 
solutions employed wll be negligible ‘Ky HI10) - 32 » 10°) Skrabal, loc. cif.). 














3192 Morgan, Bardwell, and Cullis : 


the reagent concentrations employed no further iodine is, in general, taken up by the acetone after 
20 minutes. This time was taken as the standard reaction period in all subsequent experiments. 


2. The onder of mixing of the reagents. The procedure in these experiments was to mix two of the 
components and then to add the third after various times. The results of greatest interest are those in 
which («) the acetone is added last, and (5) the iodine is added last. Some data are given in Fig. 2, 
which indicate the importance of the order in which the reagents are mixed. It is seen that the yield 
of todeform is decreased when the alkali and iodine are mixed and set aside before the acetone is added. 
This result is most easily explained in terms of a side reaction involving the alkali and iodine. On the 
other hand, when the alkali and acetone are “ pre-mixed,” the amount of the latter converted into 
«xioform is independent of the time which elapses before the sodine is added. 


(3) The rate of addition of iodine. Oe aay Gots ee 
constant agitation to the “ pre-mixed “ acetone and alkali, and its rate of addition was varied. The 
results given in Fig, 3 show that the yield of iodoform is increased by slow addition of the iodine; the 
effect is most pronounced when the alkali - acetone ratio is comparatively small. 


Fic. 3 


The influence of the rate of addition of iodine on the percentage of acetone reacting, |The abscissa 
represent the time taken for the addition of a fixed volume of iodine solution (W ¢.c.).) 
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(4) The influence of alhali concentration. The effect of varying the concentration of alkali was 
investigated in a series of experiments in which all three reagents were mixed rapidiy; mm this way, 
variations due to order and rate of addition were eliminated. Some typical results are shown in Fig. 4, 
from which it is clear that, under the particular conditions employed for these experiments, complete 
conversion of all the acetone into todoform is achieved only in presence of a very large excess of alkal: 
(about 4) times that required by the stoicheiometry of the reaction It is evident from Fig. 2 that 
when the iodine is added slowly to the other reagents, considerably less than this quantity of alkali is 
needed. Even under such favourable conditions, however, several times the theoretical amount of 
the latter must be used. The marked influence of the alkali concentration may also be seen from the 
results given in Figs. 3 and 5 


Similar results to the above were obtained when barium hydroxide was used in place of sodium 
hydromude 


* 


(5) The influence of todine concentration. The influence of iodine concentration was investigated in 
a series of experiments in which a fixed volume of various iodine solutions was added at a standard rate 
to an acetone-alkali mixture. It is seen from Fig. 5 that, with a high concentration of alkali (i.¢., 20 
times the stoichetometric), the proportion of acetone converted into iodoform at first increases as more 
uxtine is added, quantitative conversion occurring when slightly more than the stoicheiometric amount 
of watine is used At lower alkali concentrations, it will be noticed that a large excess of iodine has an 
unfavourable effect, the ae of acetone which reacts passing through a maximum and then 
decreasing as further iodine is added. This decrease usually occurs when the iodine concentration 
approaches that of the alkah 
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The imflucnce of alkali concentration om the percentage of acetowe reacting, under conditions of rapid 
mixing of reagents. 
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Fis. 5 
The influence of iodine concentration om the percentage of acetone veacting. 
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It is suggested that the unfavourable influence of a large excess of iodine is due to its causing a 
considerable depletion of the hydroxyl-ion concentration as a result of the reaction: I, + OH~ ——~> 
HIO +1 As might be expected from the results given earlier, any factor which senously reduces 
the effective concentration of alkali will also tend to decrease the efhcirency of the iodoform reaction. 

(6) The effect of added barium nitrate. The results given in Fig. 2 suggest that the reactive iodinating 
species may be converted into some unreactive compound by a side reaction: a possibility is a reaction 
of the type: 10° —-> 10,~. Such a process interfere with the iodoform reaction only if it were 
irrevermible. Since barium forms an insoluble iodate, addition of excess of barium ions to the reaction 

should, if the reaction is reversible, increase the rate of removal of hypoiodite by the side 
reaction, and so lower the yield of iodoform. Some experiments were therefore carried out in presence 
of a high concentration of bariam nitrate, together with parallel experiments in which an equivalent 
vantity of sodium nitrate was used (to eliminate salt effects) & no case could any appreciable 
ifference be detected in the amounts of acetone converted into iodoform in the two series of 
experiments 


Discussion 


It is evident from the foregoing that the conversion of acetone into iodoform is quantitative 
only when the experimental conditions are properly adjusted to minimise the occurrence of 
side reactions. Two types of competitive reaction may be considered: (a) those involving 
acetone and iodine, (6) those involving some iodine compound formed by interaction with 
alkali. In either case, the products must be such that on acidification all the iodine not 
combined as iodoform is liberated as the element. This criterion in itself renders unlikely 
any side reaction involving acetone and iodine, since under the conditions employed, fission 


Fic. 6 


The vate of disproportionation of hypoiodite toms as determined by the conversion of acetone int 
todoform ; the variation of |%, acetone veacted;* with time cf. Fig. 2 (open circles 
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of a Col bond is highly improbable. However, a reaction of type (6), such as the disproportion- 
ation of 10~ into 10,”, may well oceur, for iodate ions react with iodide ions in acid solution 
to vield iodine; the presence of sufficient iodide ions is assured both by their formation during 
the reaction and by their presence in the original iodine solution (1, in KI). The results pre- 
sented in Fig. 2 also favour the above hypothesis. For the disproportionation reaction to be 
effective in removing hypotodite ions from the system, it must, however, be irreversible. It 
seems probable that this is so in alkaline solution, particularly in view of the experimental 
results obtained in presence of barium nitrate (section 6). Li and White (J. Amer. Chem. Sox 
1943, 65, 335) have shown that the rate of disproportionation may be represented by the 
equation 
af10~) dt = &A{10~)*1>) (OH 


see also Forster, /. Physical Chem., 1903, 7, 640) I~ and (OH ~ >) being assumed to be constant, 
this expression may be integrated to give 1/10 At — const The experimental results 
plotted in Fig. 2 (open circles) refer to a series of experiments in which I~) and ‘OH™) are both 
efiectively constant. From these data, the amount of acetone reacted may be obtained; this 
will, on the basis of the reaction mechanism outlined earlier, be proportional to the concentration 
of undisseciated hypotodous acid, which in turn will be proportional to the concentration of 
hypotedite ions, 1¢., “, acetone reacted a2 (HIO) x [10 When the reciprocal of the first 
quantity is plotted against time (Fig. 6), a straight line is obtained, as the integrated form of 
the rate equation predicts. Moreover, from the expression governing the rate of dispropor 
tionation of hypotodite to iedate, it appears that hydroxy! ions exert a retarding influence on 
oe the reaction This explains, in part, the improved yield of iodoform when the alkali concen- 
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tration is increased (Figs. 4 and 5). However, it is desirable that other means should also be 
sought of minimising the extent of the side reaction. These include (a) increasing the con- 
centration of the enolate ion (CH,-CO-CH,)~, (6) decreasing the rate of disproportionation of 
hypoiodite to iodate in comparison with that of iodination of the enolate ion. With regard 
to (a), the concentration of (CH,CO-CH,)~ can obviously only be increased to a certain limiting 
concentration governed by the keto-enol equilibrium. On the other hand, (6) may be effected, 
not only by using a high concentration of alkali, but also by maintaining a high degree of 
dispersion of hypoiodite ions; for, as the rate equation shows, the disproportionation is of the 
second order with respect to such ions, while the iodination is of zero order with respect to 
halogen (Bartlett, loc. cif.; Bell and Lidwell, loc. cit). The dispersion is effected by using 
a slow rate of addition of iodine accompanied by vigorous stirring (cf. Fig. 3) 

It will be seen from the foregoing that, in order to obtain quantitative yields of iodoform, 
the experimental conditions should be adjusted as follows : 

1. The acetone and alkali should be “ pre-mixed *’ and the iodine added slowly with constant 
agitation. This minimises, for any given conditions, the rate of the disproportionation reaction 

2. A large excess of alkali must be used, preferably of the order of twenty times that required 
according to the stoicheiometric equation. This (@) assists the formation of the enolate ion, 
(6) retards side reactions leading to loss of the active iodinating species, (¢) catalyses the final 
C-C bond fission. 

3. A moderate excess of iodine (about 15 = stoicheiometric) should be employed. A 
larger excess may reduce the efficiency of the reaction by decreasing the hydroxyl ion con- 
centration. 

4. The reactants should be set aside for at least twenty minutes (at 25°) before acidification, 
to ensure completion of the reaction. 


One of the authors (J. B.) is the holder of a Canadian Post-doctorate Fullowship awarded jointly 
by the National Research Council! of Canada and the Ramsay Memorial Fellowship Trust 
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624. Furanochromones. Part II. The Synthesis of Visnagin 
and Related Compounds.* 


By J. S. H. Davies and W. L. Norrts 


5- and 7-Acetyl-4 . 6-dihydroxycoumaran have been obtained from 4. 6-dihydroxycoumaran 
by the Hoesch reaction. The 5-acetyl compound gave two isomeric monomethy! ethers; one of 
them 5-acety!-6-hydroxy-4-methoxycoumaran (dibydrovisnaginone: I]; RK «= Me, KR’ « H 
has been dehydrogenated to 5-acety!-6-hydroxy-4-methoxycoumarone (visnaginone: V; RK 
H), thereby completing the total synthesis of 5-methoxy-2-methylf{urano(3’ : 2’-6 - 7)chromone 
(visnagin. VI).¢ 4°: 5'-Dihydro-5-methoxy-2-methylfurano(3’ : 2-6: T)chromene (dihydro 
visnagin: VII: R= Me, R’ = H), 4’: b-dihydro-6-methoxy-2-methyliurenc(?’ 37-8) 
chromone (VIII), and 4°. 5'-dihydro-7-methoxy-2-methylfurano(?’ : 3'-5: 6)chromone (1X) 
have also been synthesised 


Kecentry, Clarke, Glaser, and Robertson (J., 1948, 2260) and Gruber and Hoyos (Monatsh, 
1948, 78, 417; Chem. Abstr, 1948, 42, 7200) have reported a partial synthesis of 5-methoxy-2- 
methylfurano(3’ : 2’-6 : T)chromone (visnagin : V1), a constituent of the seeds of Ammi visnaga 
(Spath and Gruber, Ber, 1941, 74, 1492), from its hydrolysis product, 5-acetyl-4-hydroxy-4- 
methoxycoumarone (visnaginone) (V; K = H).¢ In synthetical approaches to (V; K « H), 
Clarke, Glaser, and Robertson (loc. cit.) showed that ethy! 6-hydroxy-4-methoxycoumarone-2- 
carboxylate with acetonitrile under Hoesch conditions, and with acetyl chloride under Friedel- 
Crafts conditions, gave, not the desired 5-acetyl derivative, but only the 7-acetyl derivative, and 
a parallel result was obtained with 6-hydroxy-4-methoxycoumaran. These intermediates 
served for the preparation of 7-methoxy-2-methylfurano(2’ : 3’-5 : 6)chromone (isovisnagin) and 
its 4’: 5'-<dihydro-derivative (IX), respectively. isoVisnagin has also been obtained by Gruber 
and Horvath (Monatsh., 1949, 80, 563; Chem. Abstr, 1950, 44, 3969) from 7-acetyl-4: 6- 
diacetoxycoumarone. 


* Patents pending. 


+ Since this paper was submitted, Dr. Gruber has informed us that he has synthesised vienagin from 
ethy! phloroacetophenonecar boxylate (for summary see Gruber and Horvath, Monatsh. 1949, 0, 874 
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The synthesis of 5-acetyl-6-hydroxy-4-methoxycoumarone (visnaginone) from 4: 6-<di- 
hydroxyeoumaran (I; K = R’ « H) is now described, and, in the course of the work, inter- 
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mediates suitable for the preparation of 4 - 5’-dihydro-5-methoxy-2-methylfurano(3’ ; 2°-6 : 7)- 
chromone (dihydrovisnagin) (VII; R Me, R’ H) and two of its possible isomers (VIII) and 
IX: dihydrotmsevisnagin) have become available. The starting material, 4: 6-dihydroxy- 
coumaran, was obtained by hydrogenating 3 : 4 : 6-triacetoxycoumarone as suggested by Spath, 
Wessely, and Kubiczek (Ber, 1937, 70, 243). The triacetoxycoumarone was obtained directly 
from 4: 6-dihydroxycoumaran-3-one, prepared from phloroglucinol and acetonitrile (Sonn, Ber _, 
1917, 50, 1262), by treatment with acetic anhydride and pyridine, instead of first preparing 
4 6-diacetoxycoumaran-3-one with acetic anhvdride and acetylating the latter with acetic 
anhydride containing a few drops of acety! chloride as described by Spath, Wessely, and Kubiczek 
loc. cit.). Hydrogenation of the triacetoxycoumarone in glacial acetic acid over palladium 
charcoal readily gave 4 : 6-diacetoxycoumaran, m. p. 69°, from which 4 : 6-dihydroxycoumaran, 
mp. 1185-1106", was obtained by alkaline hydrolysis. Dean and Nierenstein (J. Amer 
Chem. Soc, 1924, 4, 2798) claim to have prepared 4: 6-dihydroxycoumaran from 4 : 6-di- 
methoxycoumaran, obtained by the action of sodium ethoxide on 4: 6-dimethoxycoumaran-3- 
me hydrazone. The dihydroxycoumaran described by these authors had m. p. 176-——178° and 
gave a diacetyl derivative, m. p. 177 It is, therefore, not identical with 4 : 6-dihydroxy 
coumaran described above, and moreover, their dimethoxycoumaran is not identical with the 
4: 6-dimethoxycoumaran prepared by Foster and Robertson (/., 1939, 921), who comment on 

the discrepancy 

4. 6-Dihydroxycoumaran with acetonitrile under Hoesch conditions gave, after hydrolysis 
of the mixture of intermediate imine hydrochlorides, two C-monoacetyldihydroxycoumarans, 
m. p. 239--240° and 197-190", respectively. The compound, m. p. 239-240, proved to be 
7-acetyl-4 : 6-dihydroxycoumaran (III; R « H), since the single product obtained by mono- 
methylation was identical with an authentic specimen of 7-acety!-6-hydroxy-4-methoxy- 
coumaran, m. p. 129-1295" (dihydroimsovisnaginone: I1; KR « Me), kindly supplied by 
Professor A. Robertson. The product, m. p. 197--199°, proved to be 5-acetyl-4 : 6-dihydroxy- 
coumaran, since its dimethyl ether was identical with the methyl ether of dihydrovisnaginone, 
prepared by the successive hydrogenation and methylation of visnaginone (V; K «=H; cf 
Clarke, Glaser, and Robertson, loc. cit.}, which was obtained by the hydrolysis of chellol glucoside, 
another constituent of the seeds of Ane visnaga (Spath and Gruber, Ber, 1941, 74, 1549) 

Whereas 7-acety!-4 : 6-dihvdroxyvcoumaran gave a single monomethy! ether, viz, 7-acetyl-6- 
hycdroxy-4-methoxyooumaran, S-acety!-4 : 6-dihyvdroxycoumaran gave a mixture of two mono- 
methyl ethers, m. p. 100-101" and 108109", respectively. The former was identical with 
dibydrovisnagmone, S-acety!-é-hydroxy-4-methoxveoumaran (II]; K «= Me, R’ = H); the 
latter was, therefore, S-acetyl-4-hydroxy-6-methoxycoumaran (Il; RK « H, R’ « Me). The 
results obtained in these methylation experiments show that any co-ordination of the acetyl 
group in S-acety!-4 : 6-dihydroxycoumaran is not confined t a particular hydroxyl group, in 
contrast to the 7-acetyl somer where the hydroxy! group only can be involved. 

The separation of the mixture of monomethy! ethers calls for comment : it was effected by 
allowing a benzene solution of the mixture (after prelemimary removal of unchanged 5-acetvl-4 : 6- 
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dihydroxycoumaran by extraction with aqueous sodium carbonate) to flow through a column of 
untreated (alkaline) alumina. Under the conditions employed, the filtrate was found to contain 
almost pure 5-acetyl-4-hydroxy-6-methoxycoumaran, m. p. 108-—109° (II; R = H, R’ «= Me); 
arpa yeerclipery waiters apne. desparate nef miralyan'e “a porn aheone e 

of glacial acetic acid in ether then gave a crude product, from which 5-acetyl-é-hydroxy-4- 
methoxycoumaran, m. p. 100—101° (Il; R — Me, R’ = H), was obtained by crystallisation 
That adsorption on the column was partly due to the residual alkalinity of the alumina was 
indicated by the method of removal of the second fraction; moreover, when double the usual 
quantity of untreated adsorbent was used, the whole of the material remained on the column and 
resisted elution with large volumes of benzene. It appeared, therefore, that differential 
adsorption of the components was due to a difference in the acidity of the two ethers, and, in 
support of this, it was found that when alumina, previously neutralised by treatment with ethy! 
acetate, was used, no appreciable separation of isomers occurred, even though both the alkaline 
and the neutral alumina had the same activity in the Brockmann and Schodder test (Ber, 1941, 


Absorption spectra of dikydrofuranochromones. 
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74,73). 5-Acetyl-6-hydroxy-4-methoxycoumaran, being the more strongly adsorbed, appeared 
to be the more acidic isomer, and in this connection it is of interest that, in the dimethylation 
of 5-acetyl-4 : 6-dihydroxycoumaran in alkaline solution, the more weakly acidic 5-acety!-4- 
hydroxy-6-methoxycoumaran was isolated as a by-product. 

Dehydrogenation of 5-acetyl-6-hydroxy-4-methoxycoumaran by the method outlined in 
Part I (Baxter, Ramage, and Timson, J., 1949, S30) gave visnaginone (V; R = H), identical 
with that obtained by Spéth and Gruber (Joc. cit, p. 1549). It was converted into visnagin 
by the method of Clarke, Glaser, and Robertson (loc. cit.) 

5-Acety!-6-hydroxy-4-methoxycoumaran (II; K «— Me, R’ «= H) with ethyl acetate and 
powdered sodium gave 6-hydroxy-5-$-ketobutyry!l-4-methoxycoumaran, but, when the latter 
was boiled for 15 minutes in glacial acetic acid containing one drop of concentrated hydrochloric 
acid to effect ring-closure to the chromone, the resulting product was a mixture, which gave a 
positive ferric chloride reaction. This persisted with material subjected to prolonged boiling 
in the acid solution, indicating demethylation rather than incomplete ring-closure. This was 
confirmed by the isolation of two products from the reaction mixture; the expected 4‘: 5’-di- 
hydro-5-methoxy-2-methyl(3’ : 2’-6: 7)chromone (VII; K « Me, R’ « H) and the corresponding 
5-hydroxy-compound (VII; K = R’ = H), the structure of the latter being confirmed by 
analysis, a positive ferric colour, and remethylation to (VII; RK « Me, R’ « H). In order to 
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avoid demethylation during ring-closure, the diketone was cyclised at 50° giving only (VII; 
K = Me, R’ « H) in a high state of purity 

5-Acetyl-4-hydroxy-6-methoxycoumaran (II; R = H, K’ « Me) gave the 5-§-ketobutyry! 
compound in the usual way with ethyl acetate and powdered sodium, and no difficulty was 
experienced in ring-closure when using boiling glacial acetic acid containing one drop of concen- 
trated hydrochlore acid, the product being homogeneous and giving a negative ferric reaction. 
The resulting 4°: 5’-dihydro-6-methoxy-2-methylfurano(2?’ : 3-7: Sjchromone (VIII) was 
hygroscopic and in the atmosphere took up | mole of water of crystallisation. 

In an examination of other possible methods of introducing an acety! group into the 5-position 
of 4: 6-dihydroxycoumaran, the Fries rearrangement of 4 : 6-diacetoxycoumaran (I; K =< R’ = 
Ac) was studied. When a solution of the diacetate in nitrobenzene was treated with aluminium 
trichloride, the only pure product isolated was isomeric with the starting material. It gave a 
positive ferric reaction and contained no O-acetyl groups (Freudenberg). The formation of a 
diacetate and a dimethy! ether confirmed the view that a double Fries rearrangement had 
occurred, giving 5: T-diacetyl4 : 6-dihydroxycoumaran (IV). The possibility of elaminating one 
of the nuclear acetyl groups appeared feasible from the work of Heller (Ber., 1912, 45, 418), and, 
im fact, when a solution of (IV) in aqueous sodium hydroxide was boiled for | hour, the 5-acety! 
group was lost, and there was obtained 7-acetyl-4 : 6-dihydroxycoumaran (III; R H) 
xlentical with the material described above. The monomethy! ether (111; K — Me) was 
converted inte 4°: S’-dihydro-7-methoxy-2-methylfurano(2?’ : 3-5: 6)chromone (dihydroiso- 
vienagin : IX) by the method of Clarke, Glaser, and Robertson (Joc. cit.), but there were certain 
discrepancies in the melting points of 6-hydroxy-7-$-ketobutyry!-4-methoxycoumaran and of 

IX) in the two investigations; these are noted in the Experimental Section. Through the 
courtesy of Professor Robertson, we were able to compare the two sets of products, and found 
no depression of the melting point on admixture 

The ultra-violet absorption curves of the dihydrofuranochromones, including 4° : 5’-dihydro- 
kellin (VIL; RK « Me, R’ = OMe; Part I, Joc. cit.) are annexed : for comments see Part IV (/., 
1950, paper no 626 

EXP RIMENTAL 


(Carbon and hydrogen analyses and ultra-violet absorption curves are by Drs. Weiler and Strauss, 
Cntord.) 


4 6 Disydroxycoumaran-3-one.—-By Sonn's procedure (loc. cit.), 4: 6-dibydrocoumaran-3-one, m. p 
247-249 (decomp), was obtained in an average yield of 80% in a series of experiments; but the 
mextification proposed by Shriner and Grosser (J. Amer, Chem. Soc., 1942, 64, 382) gave variable results 


3. 4) 6 Triacetonycoumarone.—-A mixture of 4: 6-dihydroxycoumaran-3-one (54 ¢.), freshly distilled 
acetic anhydride (360 ¢.c.), and dry pyridine (36 ¢.c.) was stirred at 15° for | hour and then kept for 
16 hours The small quantity of insoluble material dissolved on gentic warming. The crude reaction 
preaduct (88-6 ¢@) separated on pouring the mixture imto ice-water (1500 ¢.c.) and was filtered off 
Repeated crystallisation from ethanol gave 3. 4: 6-triacetoxycoumarone as colourless needles (72-25 «., 
76%), m p. 102" (Pound: C, 57-5, H,41; Ac, 444. Cale. for ¢ wlio, C, 57-5; H, 41; Ac, 442% 
\cety! chionide in ethyl acetate gave a product which was more duthcult to purify. 


4 6 Dincetoryooumearan (1; RK « R’ = Ac).—A solution of 3: 4: 6-triacetoxycoumarone (29-2 g.) in 
glactal acetic acid (55 c.c.) at @-— 70° was shaken in hydrogen under atmospheric pressure in presence of 
palladium charcoal previously saturated with hydrogen (2 g. of 30%; Linstead and Thomas, /., 1940, 
1127 The theoretical quantity of hydrogen was rapidly absorbed. After removal of the catalyst, the 
hitrate was distilled under reduced pressure to remove solvent, the residue dissolved in ether, and the 
ethereal extract washed with aqueous sodium hydrogen carbonate and dried. The solvent was distilled 

ft_ and 4 6-diaceforyooumaran was obtained as a colourless oi] (22-6 g.. 96%), which slowly solidified 
it crystallised from a mixture (2:1 by vol.) of ether and light petroleum (b. p. 40-60") in colourless 
posms, mp 60 (Pound: C, 0-056; H. 53; Ac, 37-06. ¢ ull sel ), requires C, 61-0; H, 5-1; Ac, 36-45% 

It was readily soluble in methanol, acetone, chloroform, or benzene 


7 Inacetyl-4 @dihydroryocoumaran (IV Powdered aluminium chloride (7 g.) was added in 
a solution of 4 6-diacetoxycoumaran (10 g.) in nitrobenzene (100 c.c.), and the whole kept 
for 2 hours After cooling, the reaction mixture was poured into a mixture of ice (200 g.) and 
hilute hydrechioric acid (200 ¢.c., 2u.). The organic layer was separated after 16-—24 hours, and the 
“queous portion was extracted with chloroform (600 ¢.c. in portions). The combined extracts were 
washed successively with dilute hydrochloric acid and water. They were then shaken with aqueous 
exhum hydroxide (80 ¢ s.), and the alkaline extract acidified with dilute hydrochloric acid. The 
precipitate (§ 2 ¢.) crystallised from ethanol (00 c« to give 5: 7-diacetyl-4 : 6-dihydrorycoumaran as 
ream-coloured needles (4-6 ¢., 46%), m. p. 144-—146° (Pound : C, 61-0; H, 5-05; O-Ac, 0% equiv. wt 
113. CHO, requires C, 610; H, 505%; equiv. wt., 115 it gave a wine-red ferric colour in 
ethanol, and was readily soluble in chloroform, moderately soluble in ethyl! acetate, and sparingly soluble 
benzene, of acetic acid. With acetic anhydride and pyridine, it gave the diacetate, which 
rystallised from a mixture (3°: I by vol.) of light petroleum (b p. 40--60°) and ethyl acetate in colourless 
prisms m p ST* (Pound: C. 40-85: H, 425° O-Ac, 27-25. C,,.H,,O, requires C, 0-0; H, 50; O-Ac, 
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carbonate, it gave & monomethyl ether, 

_ 113-5—114", and gave adark, reddish-violet 

CygH ,,O, requires C, 62-4; ye tee OMe, 
com taming 


ve no 
fon Nenaeme im coloutess prison, p. 91 16 jeomoening at “ier) 
(Found: N, 59. C,,H,,O,N, requires N, 9-5%). 


With benzy! bromide and m carbonate in he apne 5: 7-diacety!l-4 | 6-dihydroxycoumaran 
gavea ofa cheneyl ether, yellow needles (from methanol), m. p. 104° (Found: C, 60-8; H, 
CygH,,O, requires C, 69-95; H, Sas, ), and and the dibenzyl ether, oe yo 
ids° {Found : C, 7&7; HST. CygHy,O, requires C, 75-0; H, 58%). The latter gave no ferric 
colour reaction. 


4: 6-Dihydrorycoumaran (1; R = R’ =~ H).--A solution of 4: 6-diacetoxyooumaran (22-1 g.) in 
aqueous sodium hydroxide (300 ¢.c.; 2.) was boiled for | hour, cooled, and acidified with hydrochloric 
acid. The solution was extracted with ether, and the acetic acid tralised with sod hydrogen 
carbonate. After removal of the solvent, there remained a brown syrup (14 g., 98%), which slowly 
solidihed. This was re-dissolved in ether, and the solution decolorised by through a short column 
of alumina ; after the solvent had been distilled off, the residue cry from benzene, in which it was 
only moderately soluble. 4: 6-Dikydroxycoumaran formed colourless prisms, m. p. 118 ars’ 
readily soluble in methanol, acetone, acetic acid, or warm chloroform (Found : C, 63-15; H, 5-4, C,H,O, 
requires C, 63-2; H, 5-3%). 


5-Acetyl-4 : 6-dihydroxycoumaran (11; R= R’ «= H) and 7-Acetyl-4: 6-dibydrosycoumaran (III; 

R = H).—Dry bydrogen chioride was passed for 6 hours into a ‘qtizved, ice-cooled mixture of 4. 6-<i- 
hydroxycoumaran (21-5 g.), acetonitrile (9-63 g.), and gry fone bend and powdered zinc chloride (33-1 g.) 
in anhydrous ether (285c.c.). The gummy precipitate first during the reaction 
After 48 hours, the ether was decanted, and the residue washed with a little more ether. Ice-water 
(275 c.c.) was then added; the solid imine hydrochloride was collected and hydrolysed by peony | it for 
1 hour with sulphuric acid (175 ¢.c.; 2N.), a pink powder (17-6 g.) separating. The second crop (3-4 g.), 
obtained by further boiling of the acid mother-liquor, was kept separate. main crop was puribed 
by crystallisation first from benzene (1760 c.c.) then from a mixture (300 c.c.; 2: 1 by vol.) of water 
and methanol to give 5-acety/-4 6-diAydrorycoumaran (9-64 g., 34-4%) as yellow needles, m. p. 197.199" 
(Pound: C, 621; H, 525. C,.H,O, requires C, 61-9; 5-15%,). Its solution in ethanol gave a 
wine-red colour with ferne chloride ; it” was readily soluble in ‘ethyl acetate or acetone, sparingly soluble 
in chloroform, and insoluble in light petroleum. It dissolved freely in aqueous sodium carbonate, and 
when its solution in aqueous sodium hydroxide (2n.) was boiled deacetylation occurred to give 4: 6-di- 
hydroxycoumaran diacetate, colourless, prismatic needles, m. p. 100-101", obtained means 
of acetic anhydride—pyridine at 20° overnight, crystallised from a mixture (1 : 2 by ‘vol ) of ethy! acetate 
and light petroleum (b. p. 40-60") (Found: C, 60-656; H, 60; O-Ac, 30-55. C,,HyO, requires C, 
60-45: H, 5-05; O-Ac, 30-95%, 


When 5-acetyl-4 : 6-dibydroxycoumaran was boiled for 1 hour under a reflux with benzy! chloride 
(1-1 mols.) in ethanol containing sodium ethoxide (0-9 mol.), a mixture of, probably, a monobenryl ether, 
cream-coloured needies (from ethanol), m. p. 141—142° (Found: C, 72:1; H, 5-75. C,,H,.O, requires 
Cc, 71-8; H, ty a a dibenzryl derivative, pale yellow blades (trom ethanol), m. p lise {Fou Cc 
76-8; H, 59. C,,H,,O, requires C, 76-95; H, 5-9%%), was obtained. Both products in ethanol gave 
colours with ferric oR the dibenzyl derivative must, therefore, have been benzylated in the 
nucleus. 


The second crop (3-4 g.). obtained above from the acid mother-liquors, after crystallisation from 
ee and then repeatedly from ethanol, gave 7-ecetyl-4 : pen ay see ey as pale yellow needles, 

m. p. 230-—240°, which depressed the m. P- of the 5-acetyl isomer (Found 61-7; H, 515%). The 
7 acetyl compound was also obtained by boiling for 45 tes a solution of 5 ’. diacetyl 4 6-dibydroxy- 
coumaran (5-26 g.) in aqueous sodium hydroxide (70 ¢.c.; 26). Acidification of the cooled solution 
gave me + ipitate (4-24 g., 98%), m. p. 234-257". This crystallised from ethanol as yellow needles, 
m. p.2 240°, which did not depress the m. the 7-acetyl compound described above. The 7-acety! 
compound in ethanol gave a dark green « po with ferric chloride, and was moderately soluble in 
acetone, but sparingly soluble in chloroform, benzene, or acetic acid. It dissolved readily in dilute 
aqueous sodium carbonate. The diacetate crystallised from a mixture (2° 1 by vol.) of light petroleum 
(b. p. 40-60") and ethyl acetate as colourless prisms, m. p. 108-—109° (Found. C, 60-55; H, 52; O-Ac, 
31-05%). 

The dimethyl ether, prepared by the method of Baker and Lothian (/ec. cit.) using methy! sulphate and 
potassium hydroxide in acetone, crystallised from benzene-light petroleum (b. p. 60—s0") ” colourless 
prisms, m. p. 93-04" (Found: C, tne! Kao C,H, 0, requires C, 64-85; H, 635%). It gave a 
temicarbazone, colourless prismatic needies ethanoil’ a. p' 290° (Pound : N, 15-5” C,,H40,N, 
requires N, 16-05% 4 4 vy pa yellow prismatic needles (from ethanol), m p. rey 
(Found : N, 925 Cy OWN, Toa wen Ne nd an oxime, colourless flakes (from ethanol), m. p 
182—184° (Found ; N, 5-6. HO, N requires N, 5-9%) 

7- Acetyl §-hydrory-4-methoxycoumaran (Dihyd : ) (i; R= Me).—A solution of 

T-acetyl-4 6-dihydroxycoumaran (4-24 g.) in anhydrous .<.) containing methyl sulphate 
(3-03 ¢., 1-2 musta) end potusvion eubenste 046) Ses hours under a reflux. The hot 
reaction mixture was filtered from inorganic material, and the latter washed with fresh acetone. The 
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. water was added to the residue, and the crude 
y+ -, 78%). m. p. 124-126", collected. It crystallised trom 
er ay a -p- mixed m. p. 129-—-129-5° with an authentic specimen from 

(Pound: C, 63-55, H, 505. Calc. for C,,H,,O,: C, 63-45; H, 58%). 


4 W.Dibydro-T-methory-2- metyipramest 3-5 > G)chromone (Dihydroisovismagin) (I X).—7-Acetyl- 
6 hydroxy -4-meth C58 g) wan weated with ethyl sect (TT €.¢) ent eodiom (610) 
as described Clark, Glaser, and Robertson (Je. ct). The reaction mixture was then concentrated im 
a vacuum, the residue treated with ether and dilute acetic acid. The aqueous portion was extracted 
several times with ether, and the combined extracts were washed in turn with aqueous sodium hydrogen 
carbonate and water. The dred, ethereal solution was distilled to remove solvent, and a large volume of 
ht petroleum (b. p. 40-60") was added to the residue. The crude product (2-64 g.) crystallised from 
te give ydroay- -7-8-ketobut yryl-4-metb (1-91 g., 55%) as minute, yellow, 
fiinmatic noodion, m. p. 148 142-5". terial did not depress the m. p. of the diketone, m. p. 135— 
36° (Clarke, Glaser, and Robertson, Joc. cst.; m. p. by our thermometer, 139-140"), supplied by olessor 
Robertson. When the diketone was boiled for 145 minutes in glacial acetic acid (10 c.c.) containing 
1 drop of concentrated hydrochloric acid, dihydrotsovisnagin was obtained, which crystallised from hght 
ey m (b. p. 100-120") in colourless needles (1- wd, Thee. 56%), m 183-184" (Pound: C, 67-15; H, 
‘2. Cale. tor C,H,O,: C, 67-2; H, 52%). Clarke, Glaser, and Robertson (Joc. cit.) gave the m. p. as 
193-104" (decomp.) after sintering at 187°. A mixture of the two samples had an intermediate, 
indefinite melting point. 


5S. Acetyl 4 O-dometh an (Il; Re R’ « Me).—The oy a of visnaginone ~~ 
effected as described by Carke, Glaser, and Robertson (/ec. cit.) exe t palladium-— Sadie sul 
catalyst (6%) was used. 5-Acetyl-6-bydroxy-4-methoxycoumaran =" (dihydrov finone) crys =| 
from methanol as colourless blades, m. p. 100-—-101° (Found: C, 63-3; H, 59. Calc. for C,,H,,O, 
€, 63-45; H. 68%). A mixture of the act (0-7 g.), methy! sulphate (1 c.c.), and potassium carbonate 
(3 g.) to acetone (lv c.c.) was boiled for 7 tsunderareflux. The same quantities of methy! sulphate and 
acetone, together with a little pot carbonate, were added after 16 hours at room temperature, and 
heating resumed for a further Thours. The acetone was then distilled from the filtered solution, the semi- 
solid residue dissolved in ether, and the ethereal! solution washed in turn with aqueous sodium hydroxide and 
water. After removal of the solvent, crystallisation of the residue from a mixture (4: 1 by voi.) of light 
petroleum (b. p. 40-40") and ethyl acetate ar S-acetyl-4  6-dimethorycoumaran as colourless prisms, 
m. p. 04-5--05-6° (Found: C, 66-065; H, 61. C..H,,O, requires C, 64-85; H, 635%). It was readily 
soluble in acetone or benzene, moderately soluble in ether, and sparingly soluble in ethanol. 


Methylation of 5&-Acetyl-4: 6-dihydroxycoumaran.—(a) Monomethylation. 5-Acetyl-4 : 6-dihydroxy- 
coumaran (7-02 g.) was dissolved in ethanolic sodium ethoxide, prepared from sodium (0-83 g.) and 
ethanol (90 c.c.), methyl sulphate (4-56 g.) was added, and the mixture was boiled under a reflux for 
1) bours. Water (1 L) was then added, and, after acidification, organic material was extracted with 
ether. The ethereal solution was extracted first with aqueous sodium carbonate (N.), which removed 
unchanged material (1-17 g., m. p. 191-190"). It was then extracted with aqueous sodium hydroxide 
(s.), which on acidification gave a mixture of monomethy! ethers (5-51g.). A small quantity of material 
(24 ¢ ), probably containing the dimethyl ether, remained in the ether. The monomethyl ethers were 
separated as follows: the mixture (5-51 g.) was dissolved in thiophen-free benzene (200 c.c.), and the 
solution allowed to pass down a column of alumina (Grade Il, Brockmann and Schodder, loc. cit.; 150g.) ; 
the column was then eluted with benzene (ca. 1200 ¢.c.). Evaporation of the eluate gave a white solid 
(16 ¢), m. p. 106-108", and crystallisation of the latter from methanol gave 5-acetyl-4-hydroxy-6- 
ey are (Me ) as fine, pale yellow needles, m. p. 108-—109° (Found : C, 63-5; H, 5-8; OMe, 
14-3. C€,,H,O, requires C, 63-45; H, 5-8; OMe, 14-9%), identical with the by- -product of dimethylation 
(see below). It gave a wine-red ferric colour in ethanol, and was readily soluble in chloroform, benzene, 
or ethyl acetate. The 2: 4-dimitrophenylaydrazone formed glistening. scarlet needles, m. p. 236° 
(decomp.), from ethyl acetate (Fou N, 14-1. Cy,H,.O,N, requires N, 14-4%). 




















Further elution of the column with benzene (600 c.c.) gave only 0-19 g. of a product, m. p. 99-—103°. 
The column was then eluted with a 1% solution of acetic acid in ether (ea. 1 1). The eluate 
was neutralised with sodiam hydrogen carbonate and dried and the solvent distilled off. The residual 
yellow solid (3-54 ¢.), m. p. 76-—85", crystallised from methanol giving a mixture (1-42 g.), which consisted 
mainly of long, colourless, prismatic needles, together with a little of the above 6-methoxy-compound. A 
further crystallisation from methanol gave 5-acetyl-6-hydroxy-4-methoxycoumaran (dibydrovisnaginone ; 
103 ¢.), m. p. 100-101", identical with the hydrogenation product of visnaginone described above. The 
residues, obtained by evaporation of the mother-liquors from a series of experiments, were collected and 
treated in the same way to obtain additional quantities of the two monomethy! ethers. A suspension of 
the alumina used (10 ¢.) in water (100 ¢.c.) had pH 8&4 


(>) Demethylatiion. 5-Acety!-4 : 6-dihydroxycoumaran (3 g.) in acetone (30 c.c.) containing anhydrous 
ay tay carbonate (15 g.) was boiled under a reflux for 6 hours with methyl! sulphate (7 g.) and then 
ept for 48 hours. After filtration of the mixture and evaporation of the filtrate, the residue was 
dissolved in ethyl! acetate. This solution was extracted with dilute aqueous sodium hydroxide, and, on 
acidification of the alkaline extract, S-avetyl-4-hydroxy-6-methoxycoumaran (0-3 g.), m. p. 102-106", 
wasobtained. Crystallisation from methanol raised the m. p. to 108— 109°, and the product was identical 
with the monomethy! ether, m. p. 108-109", described above. 


The main ethyl! acetate solution was washed and dried, then distilled to remove solvent; the residue 

2-05 ¢ ) crystalhsed from ethy! a oe ae troleum (b. p. 40—-60°) to give 5-acetyl-4 : 6-dimethoxy- 

coumaran as colourless prisms, m 5”, identical in all respects with the product obtained by 
meth ylating the hydrogenation Hat i “ visnagtnone (above) 
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(2 ahtained frm the eed 4 Vv; Bm Mite rom his use. A 


from &. _m. p 
109-110", which gave an RA Eee er Spath and Gruber, lee. cat. — 1549). 


(b) From 5-acetyl-6-aydrory-4 y Mroagha Bc, coinn of paladin ua OS o 
ss tet by sow aha aw prema aah 
ed on glass-wool (1-5 g y eaeeeions 06 SSO See eee, 





visnaginone (0-41 ¢.), m 103-5 106°, bright 
needies, m. p. 109-110", identical with whh he seumaet dhanas ty weeted te chews (Found : C, 
H, 505. Calc. for C,,H,O,: C, 6405; H, 40%). 


tenerean i aenene nen 2-6 T)chromone (Vismagem) (V1). SY Aes 

bya eg ve gn pha eet penne vy and Robertson 

sxlium (0-2 g.) were boiled ents @ “ 
residue. 

ation with glacial acetic cid yislded thn erate aiestena, wale 


minute plates (0-3 g.), m. p. 04-—06", after ay yee orem oxide. 
effected as described by the above authors gave visnagin (0-2 g.), m. p. 140°, identical the natural 
product. 

4° | 5. Dihydro-5-methory-2- seo et Ah tl amr (Dikydrovisnagin} (VIL; KR « Me, 
R’ = Hi) ond ¢': 0 -SaySoteeye 3 : 2°-6: Tichromone.—A solution of 5-acety!-4- 
hydroxy an (dithydrovisnaginone) (0-5 g.) in ethy! acetate (6 c.c.) was added to 
rium iPS b). and thn eniatane bahed oer under a reflux for 2) hours with a further addition of ethyl 
acetate (2——3 c.c.) after 14 hours. The solvent was distilled in a vacuum, and the residue treated with 
sce-water (20 c.c.) and acidified with glacial acetic acid. The solid product was filtered off, washed with 
water, then with a little ether, and dried. yo ae my from neue Gaede te > ab — a 
B-hetobutyryi-4-methoxycoumaran (0-37 g.) as pale brown, 99—101", depressed on 
admixture with the start Canting ens 6 ound: C, 61-05, H, 5-4. 4 ClO, requires. ti: H, 6-6 

hloroform. 





it gave a wine-red ferric rin ethanol, and was 

soluble in ethyl! acetate. A solution of the diketone (0-2 g.) in glacial acetic acid (2-5 c.c.) pe ememe =f 
I drop of concentrated a acid was kept at for 2} hours. After the addition of hot water 
(13 c.c.), 4: O-aietre hnaiogy (3: 26:7 crystallised as ~~ silky, 
matted needles (0-16 g.), toes a 


a further crystallisation = 
methanol (Found; C, fas. ‘Bl a 6 2. H, 5-2%). conan pee ut 
of the chromone in concentrated ocigivail ac k, greenish-brown when w 


When the Le pe was carried out by boiling for 15 minutes a solution porte (0 a 6. is 
glacial acetic (2-5 c.c.) containing | drop of concentrated hydrochloric acid, ——— 
of the product from light petroleum (b. p. 60-80"), then trom methanol, gave 4’ po 2- 
methylfurano(3’ - 2-6. T\chromone as minute, colourless needles (50 mg.}, m. p. ies ier" with sintering 
at 162° (Found: C, 65-6; H, #35. C,,H,O, requires C, 66-06; H, 46%). It gave a dark red ferric 
colour in ethanol. Remethylation by boiling it for 16 hours with meth sulphate in acetone containing 
potassium carbonate gave dihydrovisnagin, m. p.113°, identical with product described above. 


When a glacial acetic-hydrochloric acid solution of the diketone was boiled for 1 hour, it was possible 


to obtain both dibydrovisnagin and the demethylated product by chromatography of the benzene solution 
on alumina. 


4: S’-Dihydro-5-methory-2-methylfurano(2’ : 3-7: S\chromone (VIII).Treatment of 5-acetyl-4- 
hydroxy-6-methoxycoumaran (1 g.) with sodium (1 g.) and ethyl acetate (12 ¢.c.) as described in the 
previous experiment gave 4-hydrory-5-B-Aetobutyryl-6-methoxycoumaran (0-8 g.), which crystallised from 
ethanol as « wy » aye colourless needles, m. p. 147-148", with slight datesing at 144° (Pound: C, 
62-2, H, 5-65 aires C, 62-4; H, 5-6%). In ethanol it gave a dark, wine-red ferric colour 
and was readily oa miss in ch orm, and moderately soluble in acetone or benzene. Ring-closure was 
effected by boiling for 75 minutes a solution of the 8-diketone (0-8 g.) in glacial avetic acid (7 c.c.) 
containing | drop of concentrated hydrochloric acid, or by keeping the solution at 50° for 2 hours. 
4’: S'-Dihydro-5-methoxy-2-methylfurano(2’ : 3’-7 : 8\chromone, which separated on the addition of water 
(30 c.c.}, crystallised from aqueous ethanol (60%) as colourless, matted needles (0-45 g.), m. p. 193-—194° 
(Found, after drying at 80° in a vacuum over phosphoric oxide immediately before analysis : a 66-85. 
H, 5-4. C,,H,,O, requires C, 67-2; H, 52. Found, after keeping: C, 620; H, 55. C,, ONO 
requires C #24 h. 5-6%). The yellow solution of the chromone in concentrated sulphuric a became 
emerald-green yt finally bluish-purple when warmed, It was readily soluble in chloroform, moderately 
soluble in acetone, and sparingly soluble in benzene. 


Baertise Scnertnc Researcw Iwerrrure, 
Acperetey Epocer, Cursniar Received, July Bist, 1950.) 
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625. Furanochromones. Part III, The Synthesis of 8-Methoxry-2- 
methylfurano(3’ ; 2'-6: 7)chromone and its Derivatives.* 
By J]. S. H. Davies and T. Dezcax 
4 . & Dihydro-#-hydroxy-2-methylifurano(}’ - 2-6: 7)chromone and its %-methoxy 

&ethoxy-, and &-bensyloxy-derivatives (VII; RK — H, Me, Et, and C,H, KR’ — H) have been 
prepared from pyocgnital ota 6. T-diacetoxycoumaran (1V, K « KR’ « Ac), which on Fries 
rearrangement gave S-acety!-4 Mey peer rng (V; R= R’ =H). Extension of the 
acetyl group of # ypriate ethers with ethyl acetate and sodium gave the 2-diketones (as V1) 
and ring closure furnished the dihydrofuranochromones. The 8-methoxy-compound (VII 
KR « Me, R’ « H) gave §-methoxy-2-methyliurano(3’ : 2-6 . 7)chromone (VIL; R = H) on 
deb ydrogenatron 


Ov the methoxyfuranochromones which have bene isolated trom the seeds of Ammi visnaga 
(Spath and Gruber, Ber, 1938, 71, 106; 1941, 74, 1492, 1549), two, viz, 5: 8-dimethoxy 
(kellin) and 5-methoxy-2-methyliurano(¥’ ; 2°-6 : 7)chromone (visnagin), have been synthesised, 
the former by Clarke and Robertson (/., 1949, 302), Baxter, Ramage, and Timson (/., 1949, 
$30), and Murti and Seshadri (J. Sci. Jnd. Res., India, 1949, 88, No. 6, 112-113, Chem. Abstr, 
1950, 44, 1601), and the latter by Clarke, Glaser, and Kobertson (/., 1048, 2260), Gruber and 
Hoyos (Monatsé., 1948, 78, 417), who affected a partial synthesis, and Davies and Norris 
(preceding paper), who succeeded in preparing an intermediate which led to the complete 
synthesis. The present communication deals with the synthesis of a visnagin isomer, 
&-methoxy-2-methylfurano( ; 2°-6 . 7)chromone. 

On starting from pyrogallol, 6: 7-dihydroxycoumaran-3-one (II; K == R’ = H) was prepared 
by a modification of the method of Feuerstein and Brass (Ber, 1904, 37, 817), the intermediate 
@ chiorogallacetophenone (1) being cyclised by sodium acetate and alcohol (cf. Shriner and 
Grosser, |. Amer. Chem. Soc., 1942, 64, 382). Direct hydrogenation of the coumaranone to 
6: 7-dibydroxycoumaran ([V; K < R’ « H) has been reported by Spath and Pailer (Ber, 1936, 
69, 767), but, as it was desired to examine the Fries rearrangement of 6 : 7-diacetoxycoumaran, 
acetylation of 6: 7-dibydroxycoumaran-3-one was first investigated. Acetylation with acetic 
anhydride and sodium acetate was stated by Feuerstein and Brass (loc. cit.) to give 6 : 7-di- 
acetoxycoumaran-3-one, m. p. 106°, but indecisive and inconsistent analytical figures led them 
to assign the above constitution by analogy with the product of chloroacetylation. It has now 
been found that, with acety! chloride in ethyl acetate, two acetylation products are obtained, 
one, m. p 106°, in mach higher yield than the other, m. p. 137°5 Elementary analyses and 
acetyl! determinations (Freudenberg) have shown that the product, m. p. 106°, is the triacetoxy- 
coumarone (III it gave a colour with Brady's reagent only after some time. The product, 
m. p. 137°5°, is in all probability 6 : 7-diacetoxycoumaran-3-one (II; R = R’ « Ac) and gave 
an immediate colour with Brady's reagent. Acetylation with acetic anhydride in pyridine gave 
a better yield of the triacetoxycoumarone, and no diacetoxy-compound was encountered. The 


CO-CH Cl -—C ~OAc 
HO OH k'O CH, AcO 
OH OR O AcO O 
(1IL.) 


CH,COCH,CO” 5-——CH, 
RU A AH, 
OR O 
(VL) 


co 
— - 1S H,! 
, < « 
‘ H, : ff ' 
o OR O Oo vo o OH 

wil cu, (Vil (IX.) 
triacetoxycoumarone yielded 6: 7~<hacetoxycoumaran (I\ k R Ac) on hvdrogenation 
at 60 45° and one atmosphere pressure with ether palladium-charcoal, absorption of hydrogen 
being rapid, or with palladium-—barium sulphate, absorption being less rapid. The latte: 
catalyst appeared to be less sensitive to poisoning 


* Patent pending 
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The Fries rearrangement to 5-acetyl-6 : 7-dihydroxycoumaran proceeded without difficulty 
with either aluminium chloride ia nitrobensene at 60° or, ia slightly lower yield, with the boren tri- 


was shown by the eventual formation of a 4’ : 5’-dihydrofuranochromone. 
dihydroxycoumaran, but like the 7-acety! isomer (cf. Part II), 5-acetyl-6 : 7-dib 

was stable to boiling aqueous sodium hydroxide. On monomethylation, it gave the 7-methoxy- 
derivative (V; R = Me, R’ = H), and with excess of methyl sulphate the dimethoxy-derivative 

(V; R= R’ = Me). From the latter with ethyl acetate and sodium, 6 : 7-dimethoxy-5-§-keto- 
butyrylcoumaran (VI; R, R‘ = Me) was obtained as an oil, which with hydrobromic acid in 
glacial acetic acid (Heilbron, Hey, and Lowe, J., 1934, 1311) gave 4’ : 5’-dihydro-8-methoxy-2- 
methylfurano(3’ : 2’-6 : T)chromone (VII; 
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i. 5 ; © Dimethony-2 2-6: Thomo Alon (VIII; R= OMe). 
i. : 8 Dibydes: S dieeeneny--motitionnet Thchromone (dihydrokellin > VII; 


‘Re OMe). 
il. j--——- ) 8M -2-methylfurano(3’ : 2'-6: T)chromone (VIII; R = H). 
IV. (------) «: & Dilpdre-bemthony-b matiytorenat °F. : Thehromone (VII; R = Me, R’ = H). 


When heated with hydriodic acid in acetic anhydride, the dihydrofuranochromone, containing 
a cyclic ether grouping, suffered ring-opening and demethylation to give, probably, 7 : 8-di- 
hydroxy-6-2’-iodoethy!-2-methyichromone (IX), though it has not been established that it is the 
dihydrofuran ring which undergoes fission. Many examples are known where alkoxy-y-pyrone 
compounds suffer demethylation and ring-fission, followed by ring-closure in an alternative 
direction, on treatment with hydriodic acid, as pointed out by Clarke, Glaser, and Robertson 
(Joc. cit.), but no intermediate halogen compounds were isolated. In the case of the demethy!- 
ation of visnagin, however, it is the furan ring which opens, as shown by the above authors. In 
the present case, alternative ring-closure is precluded, and the intermediate iodo-compound 
readily gave 4’ : 5’-dihydro-8-hydroxy-2-methylfurano(3’ : 2’-6 : 7)chromone. 

Ethylation and benzylation of 5-acetyl-6 : 7-dihydroxycoumaran gave the 7-ethoxy- and 
7-benzyloxy-compounds, respectively; these on treatment with ethy! acetate and sodium gave 
the corresponding diketones, which were cyclised in the usual way, forming 4‘ : 5’-dihydro-8- 
ethoxy-2-methylfurano(3’ : 2’-6: 7)chromone and 8-benzyloxy-¢’ : 5’-dihydro-2-methylfurano- 
(3° : 2’-6 : 7)chromone, respectively, the former being identical with the ethylation product of 
4’ : 5’-dihydro-8-hydroxy-2-methylfurano(3’ : 2’-6 : 7)chromone and the latter identical with the 
benzylation product. 

9T 
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The ultra-violet absorption curves of 5 : §<limethoxy-2-methylfurano(3’ : 2’-6 : 7)chromone 
(kellin) (VIII; R = OMe), its 4 : 5’-dihydro-derivative (VII; R <— Me, R’ = OMe), together 
with those of -2-methylfurano(3’ : 2'-6 : 7)chromone (VIII; R = H) and its 
« : &-dihydro-derivative (VII; R = Me, R’ = H) are annexed: for comments see Part IV 
(following paper). 


EXPERIMENTAL. 


(Carbon and hydrogen analyses and ultra-violet absorption curves are Drs. Weiler and Strauss, 
Re ™. p.s are encorrected.) ” 4 


1. Dihydroxycoumaran-3-one (II; R = R’ = H) (cf. Feuerstein and Brass, lec. cit.; Shriner and 
Quam tr tik cet ae of anhydrous (260 g.), chioroacetic acid (200 g.), and 
hours, the mass 
ategeeny ty A water (1500 c.c.) was 
was heated until the dark brown solid dissolved and, after clarification (charcoal), was 
ate; dark brown needles of nearly pure #-chilorog toph (I) (155 g.), mp. 1 A 
separated were collected. A further quantity (12 | .) of less pure material separated from the mother 
liquor during 3 days at 0°. Further crystallisation from water gave + pure material, m. p. 169° 


A mixture of »chlorogallacetophenone (30 g.), ethanol (350 c.c.), and sodium acetate (35 ¢.) 
boiled under a reflux for 54 hours. The solvent was distilled off, cs owned yah ) was added tothe 
solid residue. After about 20 hours, the —— 6 : 7-dihydroxycoumaran-3-one (20 g 
ey was collected ; when crystallised water it slowly formed short, pale yellow priems (i6-S 5g. sf 
m. p. , 

3:6: 7-Triacetorycoumarone (III) and 6: 7-Diacetoxycoumaran-3-one (11; R = R’ = Ac).—(a) 
A mixture of 6: 7-dibydroxycoumaran-3-one (10 g.), dry ethyl acetate (200 c.c.), and acetyl chloride 
(40 ¢.c.) was boiled under a reflux for 4 hours. The cooled solution was poured into water (300 c.c.) and 
neutralised with sodium hydrogen carbonate. The organic la was separated, washed with water, and 
dried. The solvent was distilled off, leaving a yellow-brown oil, which set to a yellow solid. Crystallised 
from aqueous ethanol fe ), it gave 3: 6: T-triacetoxryooumarone (12-5 g.) as fine, ccleartass needles, 
m. p. 106-5" (Pound 57-8; H,4@1l; Ac, 444 C nfidO, requires C. 57-5; H, 41; Ac, 442%). It 
was readily soluble in yt, ‘acetone and glacial acetic acid, ngly soluble in cold soneeel and 


ethanol. The addition of Brady's reagent to the solution in met gave a red colour only after some 
time 


From acetylations of larger quantities of 6 : 7-dihydroxycoumaran-3-one (50—100 g.) by the above 
method, 6 Sliseseananemdenniiane was isolated during crystallisation. It crystallised from methanol 
as long, colourless needles, m. p. 137-5" (Found : C, 57-3; H, 3-8; Ac, 35-4. C,,H,,O, requires C, 57-6; 
H, 40; Ac, 344%). Brady's reagent gave an immediate red colour. 

(6) Dry pyridine (50 c.c.) was added in one portion to a stirred suspension of 6 : 7-dihydroxycoumaran- 
3-one (32-5 g.) in acetic anhydride (130¢.c.). After 12 hours at room temperature, the red solution was 


soured into iced water (850 c.c.), 3:6: 7-triacetoxycoumarone separating as a yellow precipitate 
‘urified as above, the pure materia! (49-1 g.) had m. p. 105—106°. 





6: 7-Diacetoxyooumaran (IV; Ro R’ « Ac) and 6: 7-Dihydroxycoumaran (cf. Spath and Pailer, 
loc. eit.). 3:6: 7-Triacetoxycoumarone (35-5 g.) in glacial acetic acid (75 c.c.) was hydrogenated at 
6065" /1 atm. in the presence of palladium-charcoal (9 g.; 10%), previously saturated with hydrogen 
(Org Synth., 26, 78: procedure D). The theoretical amount of h on Ses rapidly absorbed. Removal 
of the catalyst and distillation of the solvent gave a colourless oi], which soon solidified, and, after 
crystallising from methanol. 6: 7-diacetoryeowmaran (24-8 g.) was obtained as well defined, colourless 
— m. p. 116° (Pound: C, 611; H, 53. C, ootedees , requires C, 61-0; H, i When palladium- 


rium sulphate (3% Ong. Synth, loe. eit. ; ure A) was used as catalyst, the theoretical amount 
of hydrogen was absorbed rapidiy; this ‘catalyst, however, appeared to be less sensitive to poisoning 
than palladium-charcoal. It was occasionally found necessary to purify the triacetoxycoumarone by 
distillation (b. p. 187-—188°/0-7 mm.) before hydrogenation. 


6: 7.Diacetoxycoumaran (3-6 ¢.) was boiled with aqueous sodium carbonate (100 c.c.; 2n.) for 30 
minutes, and the solution cooled, acidified, and extracted with chloroform. 6 : 7-Dihydroxycoumaran, 
obtained by evaporat the chissaterms lager, crystallised from a mixture (1 : 1 by vol.) of benzene and 
light pee (b #0") as long colourless needles (1-1 g.), m. p. 112--113° (Found: C, 63-0; 
te 5-55. Cale. for HO, : é $32. H, 53%). It dissolved readily in ether or ethanol, and gave a 
dark brown colour with ferric chloride. 

5.Acetyl-4 : 7-dihydroxycoumaran (V; KR = R’ = H).—-Freshly powdered aluminium trichloride 
(10-5 g.) was added to a suspension of 6: 7-diacetoxycoumaran (15 g.) in dry nitrobenzene (120 c.c.). 
The resulting solution was kept at 60° for 1 hour, then poured into ice-water (500 c.c.) acidified with 
hydrochloric acid. After 12—24 hours at room temperature, the layer was extracted with ethyl 
acetate and shaken with aqueous sodium hydroxide (2~.). ation Of the 1 alkaline extract gave 
crude S-acetyl-6 7-dihydrorycoumaran as a yellow pay (10-6 A 5 be =! vellow eaten mp 
from aqueous ethanol (50 no one uct (9 eo re 
190° (Found: C, 61-9; ip a wh td "s 61-0; o 515%). t was ready sctte f 
acetone or warm ethanol, but sparingly ble in ether of benzene, It gave a violet colour 


ferric chloride. It was recovered unc after being boiled for 1 hour with aqueous sodium hydroxide 
(2~.). 


5-A 6:7 also obtained on using a boron acid complex 
on cataipel tel. Peat IM) tal ta ptehd wane Wetioien ‘3 , 
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Diacetate. Prepared means of acetic anhydride and the dracetate formed 
prisms, m. p. 162°, rman y nag 4 H, 5-25. seg requires C, 60-4; H, 5-05%). 


py sctone @ 


was 
pdepee oe waa raat 7" ap ad & C,,HyO 
T-methoxycoumaran m 
requires C, 63-3. att ee sane rt fe - chloride. wen 
(236) ethyl opiate (1 S “tonydrou potassium = = nant al conan ) boiled 
c.c.) were 
ae ux for a Vinow Ul obtained aher after removal of of the solvent solidified 


coding, end cytainnaien 
oo exleesioes gota, #2 p- 111° aeons tha io. c 


5-Acatyl-7 
(2 ¢.). aanayh ¢ chloride (1 
acetone 





yellow needles, m. pit 
was readily soluble 
hloride. 





; R= ple pe (cf. Baker and Lothian, pra By 
methy! fy eters byt 
after each son ehittion to 2 ccbikion of Sasstphe 
(10¢ ae ey c.c.) under a reflux. The addition was 
Shokd 90 sabantan: the mixture was then boiled for a further 
extracted with ether, and the etherea! extract washed with 
we =< Fractional! distillation gave 5-acetyl-6 : eth 
oil, b. p. 139—142°/1-2 mm., wR 16448 (Found: C, 666; H, 66. CH 
H, 635%). 


(6) A mixture of 5-acety!-6 : 7-dihydroxycoumaran (3 g.), methy! ty ey ew pew 4 oa) 
and anhydrous potassium carbonate (6 LS oen cicmbereae hours, 
vend the reddich-brown, ~Dencieamins at 


ao 
(2-3 g.) identical with the 








product formed by method (¢). 


7-Benzyloxry-6-hydrosxy-5-B-hetob (VI; R=—C,H,, R’ = H).—+4- -7-benzyloxy- 
enecans todos la tor othch cates teal ean aed ty peobemn cote 95 g ) covered 
ether (10 c.c.), mann ge aed ere pm be reflux for 4 hours. The bulk of the solvent was 





3 20% }. aq 
triturated successively with light petroleum (b. p. 40-60") and ethanol. | The solid 
crystallised from ethanol to give 7-benrylory-6-hydrory-5-B-hetob 1-2 g.) as colourless, 
prismatic needles, m. p. 100° (Found : C, 70-0; H, 6-8. CHO, guest. 60-9; H, 56%). It was 
readily soluble in acetone, ether, or chloroform: 


6 : 7-Dimethoxy-5-B-hetobyryrylcoumaran (VI; R = R’ = Me).-A solution of S-acetyl-6: 7-di- 
methoxycoumaran (5-2 g.) in dry ethyl! acetate (50 c.c.) was added to sodium ate 1 
The mixture was boiled under a reflux 4 hours, the solvent p ROR 
aqueous acetic acid (100 c.c.; 20%) added to the cooled residue. The mixture was 
extracted with ether, and the washed and dried extract was fractionated under reduced 6: T-di- 
methory-5-8-hetobutyryicoumaran (3-2 g.) being obtained as a yellow, viscous oil, b. p. 1 165° jh 2mm., 
tage oc C, 63-6; H, 63, eee 63-6; H, 61%). 
: 6'- Dihydro-8-methory-2-methylfurano(3’ : : Thchromone (VII; Ro Me, aly ~ H) and 4 e 
Dihydro-- hydroxy-2-methylfurano(3’ : 2’-6 : icioomnoae —A solution of 6 : 7-di 
coumaran (1- nf 2h giacial acetic acid (25 c.c.) containing hydrobromic acid (1-6 c.c. ; 
under a reflux 15 minutes. The cooled solution was poured into excess of aqueous ‘othe a 
, whereupon 4° : 5’-dihydro-8-methory-2-methylfurano(3’ : 2’: T)chromone was 
contin, which crystallised from water as colourless, matted needles (1 g.), m wibeies 138 10 


a) Wes 158°, from a mixture (1 : (ra 2) ds Lae f 
5-2. bc ce rng ag Bont H, 5-2 It diated fn 


a i dihydrof meg endes a cotta: fer 36 elantes cle Canes ive 
Vand solution of sodium inethonide, derived fr he med ns CNet: H a0. OO, 








derivative, colourless needies, m. p. 188°, from (F : C, 747; H, 49 
C, 750; H, 6-0%). Seotetanse pelheer sabetion te qaaesateaten extighanto ecbd boone teadias® 
brown when warmed. 


he Ore Atta i eheditnans ibeen nye wr hye om hog 1 


ober bar bret ota aieke core 
rsoen eee sieve eit C3 6) pbb ear crytation ‘rem aqueous 
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one Sasmae aot Son. matat, The iodo-compound (1 92 chant ce. con- 
2 g.) was boiled under a reflux for 4 hours, solvent distilled and 





-6 ; T)chromone (0-18 g.) was boiled for 17 hours 
carbonate (2 g.), and acetone (25 c.c.); the 
with the above. 


dikydro-4-methyjifureno(® : 2-6: T)chromone (VII; R «C,H, R’ = H).—{e) 
want beosetiamen tebet ie lacial acetic acid (5 ¢.c.) containing 1 drop 
rochloric acid was boiled under a reflux 15 minutes. The solution was 
cand an oll separated, which slowly slidied on cooling and stir 
se ae it p eee peg ee 2’-6 : T)chromone 
(Pound ; C 27; HOS CygH 60, requires C, 740; H, 5-2% 
ethanol. The yellow 


or warm solution in concentrated 





(6) Benzylation of 4’: 5” -dihsydro-#-hya rony.2. ~methylfurano(3’ ; 2’-6 . 7)chromone (0-3 g.) vy boiling 
it under a reflux for 3 hours with chloride (0-3 g.) in dry acetone (50 c.c. papeting anhydrous 
loxy-compound (0-1 g.), m. p. I 
; Re H). tr mond 5’-dihydro- 
S« um-charcoal (0-1 g.) (Linstead and Thomas, /.. 
1127) for 26 hoere in a slow stream mide. The product, isolated by means 
of chloroform, was crystallised from methanol, and 4&- -2-methy/ ys 2-6 : T)chromone 
(0-2 g.) separated as pale yellow needles, m. p. 196-197" (Found . 67-5; ang uires C, 
67-8. H, 44%). Its solution in concentrated sulphuric acid became golden- penn unl taal -brown 
when warmed 
Berrien Scnhesino Researcn Institutes, 
Atpretey Enos Cwrsmier (Received, July 31st, 1950.) 


626. Furanochromones. Part IV. Synthesis of 2-Methylfurano- 
(3’ : 2’-6: 7)chromone and Derivatives thereof.* 
By ]. 5S. H. Davies, P. A. McCrra, W. L. Norris, and G. R. Ramace 


ofan oe maran (IV) has been obtained from 6hydroxycoumaran (III; 
R & Pi acetonitrile or acety! chloride, and by rearrangement of 6-acetoxy- 
pte ke on in dehy ydrogenation it gave the coumarone (VI). By extension of the acety! side- 
chain to the aldebydo-ketone, B-diketone, or diketo-ester grouping, followed by completion of 
the »pyrone re 2-methylfurano(3’: 2°-6: Tjchromone (VIII) and the 4: 5’-dihydro- 
compounds (VII ~ H, Me, Et, Pr*, and CO,Et) have been prepared 


Paeraration of kellin, visnagin, and other methoxyfuranochromones or their 4’ : 5’-dihydro- 
derivatives has been described in Parts 1, I], and III of this series (/., 1949, S30; 1950, 3195, 3202) 
The present communication deals with the preparation of furanochromones unsubstituted in 
positions Sand 8. Preliminary attempts to introduce the acetyl group into the coumarone 
derivatives (II; R «= H or benzy!) by the Hoesch or Friedel-Crafts reactions did not appear 
promising, and in the attempted Fries rearrangement with aluminium chloride and nitro- 
benzene the acetate (II; R = Ac) gave the hydroxy-ester (II; R =< H). However, 6-hydroxy- 
coumaran (III; R = H) readily gave the 5-acetyl derivative (IV) by any of the above methods 
and the latter was then dehydrogenated to the required coumarone (VI). The preparation of 
@hydroxycoumaran from 6-hydroxycoumaran-3-one by successive oximation, reduction, and 


* Patents pending. 








For cyclising this product to methyl 

magnesium methoxide proved more effective than sodium methoxide and 

ester in 77% yield whereas with sodium methoxide the yield was 44%, the product being 
ue 4 by 5-benzyloxy-2-formy! 


of hydrogen were absorbed to give 6-hydroxycoumaran (III; R = H); 
at atmospheric pressure with more difficulty, and 6-benzyloxycoumaran (Il; 
reduction of the furan ring. 


a larger scale, at 70° and 10 atms., but better still, as its acetate, by the catalytic reduction of 
3: 6-diacetoxycoumarone (see below). Some success in reducing the coumaranone was 
achieved by the modified Wolff-Kishner procedure of Huang-Minlon (J. Amer. Chem. Soc., 
1946, 68, 2487), but Clemmensen reduction and Raney alloy in alkaline solution (Papa, Schwenk, 


and Whitman, ]. Org. Chem., 1942, 7, 587) gave only resins. 

Two methods have been employed for preparing 6-hydroxycoumaran-3-one; first, the 
Hoesch reaction with resorcinol and chloroacetonitrile as described by Sonn (Ber., 1917, 50, 
1262; cf. Horning and Reisner, ]. Amer. Chem, Soc, 1948 70, 3619) which, on a 0-4-molar 
scale, gave a yield of about 70%; and secondly, the Friedel-Crafts reaction in nitrobenzene 
using the more readily available chloroacety! chloride, which gave about 83%, yield (cf. Arima 
and Okamoto, Chem. Abstr, 1952, 26, 139). 


CHO 


CH PhO. OCH, COpMe KO, As ),Me 


(IL) 


R-CO-CH,CO# a in 


(VIIL.) (T™%.) 


There is some confusion in the literature concerning the acetylation of 6-hydroxycoumaran-3- 
one; thus Sonn (Ber. 1917, 50, 1262) has described the preparation of two products by the 
action of acetic anhydride; one m. p. 157—159", was formulated as 3 : 6-diacet 
the other, m. p. 79°, as 6-acet 3-one. The latter product, m. p. 17—T8°, has also 
been prepared by the action of acetyl chloride on 6-hydroxycoumaran-3-one in ethy! acetate by 
Horning and Reisner (loc. cst.), who accepted Sonn’s formulation. 

















Davies, McCrea, Norris, and Ramage : 


In a re-examination of the acetylation process under varied conditions, only one product 
that having m. p. 81°, could be isolated when using Sonn’s procedure. In the presence of a drop 
of sulphuric acid, however, both 6-hydroxycoumaran-3-one and the compound, m. p. 81°, gave 
@ product, m. p. 165°, which is assumed to be identical with Sonn’s product, m. p. 157-—159°. 
On the other hand, when dissolved in aqueous sodium hydroxide, 6-hydroxycoumaran-3-one 
with acetic anhydride gave a product, m. p. 126°. 

On the basis of analytical data and the volume of hydrogen absorbed on catalytic 
hydrogenation, the product, m. p. 81°, is regarded as 3 : 6-diacetoxy ; that, m. p. 
126°, as 6-acetoxycoumaran-3-one, both of which on hydrogenation yield 6-acetoxycoumaran 
whilst the product, m. p. 165°, gave a 2: 4-dinitrophenylhydrazone consistent with its 
formulation as a diacetoxyacetylcoumarone. The compound, m. p. 165°, is, therefore, regarded 
as 3: 6-diacetoxy-2-acetylcoumarone, in view of the known reactivity of position 2 in the 
coumarone ring. It is to be noted that the analogous 5-ethy!-6-hydroxycoumaran-3-one gave 
3: 6-diacetoxy-5-ethylcoumarone with acety! chloride in ethyl acetate. 


Absorption spectra of furanochromones. 
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Wave-/ength, A. 
Ll. (i) Methyl ferane(3’ : 2'-6: Thchromone (VIII). 
i. | .) &  & Dihydroferanc(® : 2'-4: Thchromone (VIL; R= H). 
Mtr. | ~a==) 4°) S'-Dihydro-2-methylfuranc( : 2'-6: T)chromone (VIL; R = Me). 








With acetyl chloride and aluminium chloride in carbon tetrachloride, 6-hydroxycoumaran 
gave a4 mixture of products, from which 5-acetyl-6-hydroxycoumaran (IV) was obtained in low 
vield, on the other hand, with acetonitrile in the Hoesch reaction, the yield was 76%, but a 
higher vield (90--06°,) was obtained when 6-acetoxycoumaran was submitted to the Fries 
rearrangement using a boron trifluoride-acetic acid complex as catalyst, the yield falling to 
68°, when aluminium chloride in nitrobenzene was used. The orientation of the acetyl group 
was based on analogy with the product of formylation of 6-hydroxycoumaran by the modified 
Gattermann reaction with zinc cyanide; this product must be 5-formyl-6-hydroxycoumaran, 
since when heated with acetic anhydride and sodium acetate, with iodine as catalyst, it gave 
dihydropsoralene, identical with the product obtammed by the Pechmann reaction as employed 
by Spath, Manjunath, Pailer, and Jois (loc. cst.). That the acetyl group was also in the 
5-position was confirmed by the identity of the ethyl-6-hydroxycoumaran, prepared by 
Clemmensen reduction, and with 5-ethyl-6-hydroxycoumaran obtained from 4-ethylresorcinol 
vta S-ethy!-6-hydroxycoumaran-3-one 


56-Acety!-6-hydroxycoumaran was condensed with ethyl formate, ethyl acetate, ethyl 
propionate, ethyl butyrate, and ethyl oxalate in pr ¢ of powdered sodium or sodium 
methoxide to give the corresponding aldehydo-ketone, §-<diketone, or diketo-ester (V; R = H, 
Me, Et, Pr*, and CO,Et). Cyeclisation to (VII) could be brought about with ethanolic hydro- 
chlone acid or ethanolic sulphuric acid, but in some cases a pink product was obtained from 
which the colour was not easily removed, and acetic acid containing hydrochloric acid 
(cf. Heilbron, Hey, and Lowe, J., 1934, 1311) was more satisfactory. 








3209 
: 2-4: T)chromone (VII; R = Me) twice in 








curves of 2-methylfurano(3’ : 2’-6 : ae ag oy —— 
4 : S’-dihydro-derivative (VI1; R= Me), and 4 : 5’-dihydrofuranco(3’ 
(VIL; R = H) are annexed. Dr. F. D Sind ton auatel Ga tatialaa atemioein on tes 
curves given here and in Parts II and III. 

“ The unsubstituted 4’ : 5’-dihydrofurano(3’ : 2’-6 : 7)chromone has an absorption maximum 
at 3100 a. and ancther band of lower intensity near 28004. The introduction of the 2-methy! 
group causes a slight shift of the main band towards shorter wave-length. With introduction of 
methoxy-groups into the benzene ring, this main band becomes broader or merges with the 
smaller band, the maximum varying between 2970 and 3050 a. Such a simplification of the 
spectrum is peculiar to the effect of substitution by hydroxy- or alkoxy-groups on the more 
resolved spectra of benzenoid systems. 

“ In the angular structures, 4’ : 5’-dihydro-7-methoxy-2-methylfurano(2?’ : 3’-5 : 6)chromone 
and 4°: 5’-dihydro-5-methoxy-2-methylfurano(2?’ ; 3’-7 ; 8)chromone, the intensity of the 
3100-,. band is reduced relative to the 2800-4. band in the former and increased in the latter. 

“ The replacement of the dihydrofaran ring by the furan ring as in 5 : §-dimethoxy-2- 
methylfurano(3’ : 2’-6: 7)chromone (kellin), 8-methoxy-2-methylfurano(3’ ; 2’-6 : 7)chromone, 
and 2-methylfurano(3’ : 2’-4: 7)chromone causes displacement of the 3100-a. band of the 
4’ : 5’-dibydro-isomers towards longer wave-lengths by 100 to 300 4., which conforms to the 
known etiect of the addition of one conjugated linkage to a conjugated system. In the present 
case, the magnitude of this effect depends on the number of substituents in the original 
dihydro-compound; it amounts to 100a. for the unmethoxylated compounds (ef. 
2-methylfurano(3’ : 2’-6 : 7)chromone and its 4’ ; 5’-dihydro<erivative), to 1404. for the 
monomethoxy-compounds {cf. 8-methoxy-2-methyfurano(3’ : 2’-6 : 7)chromone and its 4’ : 5’- 
dibydro-derivative) and to 350 a. for the 5 : §<dimethoxy-compounds.”’ 


EXPERIMENTAL. 
(Carbon and hydrogen analyses and ultra-violet absorption curves are by Drs. Weiler and Strauss, 
Oxford. M. p.s are uncorrected.) 
4-Benrylory- a ere oe pe 
(160 igteake benzyl chionde = &) added, 
d sodium chi 








of the 
. droxybenzaldeh yde (23 ¢., 0%) as an oil, b. 2. 166—175°/1 mm., which i 
er this fraction the temperature rose rapidly above 200°. 


The method was satisfactory with benry!] bromide, and purification through the sodium salt 
was not essential for the preparation. 





-2-formylphenorxyacetic Acid.—The above methyl ester (5 g.) in aqueous sodium hydroxide 


(109 cc. ; prs Begpeicg— mater wer He . oma salt 
; in prieme, m cacy 14s" (Found ; 
Bee Hee. a 98 5 To comand . 1% , 














.) was caused to react with dry methanol (150 c.c.), methy! 5-benzyloxy-2-formyi- 
vo Spe ee ape np arnt poco chet After 


gave the ester (7-2 g., 77%) identical 


The large eaceatof magoeniam was neceamary for mauntaining th yl 
M 6-H 

oxylate (10 g.) in met 

in the as Tha Ab, 


pr 
the 











wide acd methy! 8 hydroxycoumarone: 2-carboxylate, : from tuluene, had m. p. 174° 
acetyl ivat with chloride, 
methanol had m. 130" round: ClaT: a8 CoO, woe 61-5; H, oo 


6. Bensylorycoumarone —A mixture of Papcirer metas -). 
pon ee pe ae a Baa nt ete in an oil-bath under 
occasional shaking for 1 hour. The cooled mixture was 


extracted with ether (or 


: su 
m. p. 36° (Found; C, 70-8; H, 5-4. Cale. for C,,H 0, : C, #4; H, 54%). 
Cnn Oe ee Neh yen pe one 
a stirred mixture of resorcinol (22 g.), aluminium chloride 
temperature being kept at 60-—55° during the addition and fora 
was poured into an excess of ice and dilute hydrochloric acid and set aside overnight. 
layer was ated and extracted with weous sodium hydroxide (300 c.c., sh ané the onotes 
extract acidified with concentrated bh acid to give 6-h maran-3-one (30-3 ¢.) m. uy 


234-238" (decomp.). The aqueous layer gave a further g.; m. p. 238—240" ( 

on ether-extraction followed alkaline extraction of t ethereal solution and acidification 
furnishing a total yield of 83%. A similar yield was obt d by the a) m chloride in 
nitrobenzene to the other reactants in the same solvent. A portion, cxyetalned from a large volume of 
ethanol, formed golden yellow plates, m. p. 245° (decomp.). 


Acetyl derivative, 6-H ydroxycoumaran-3-one (7-5 g_) was dissolved in a solution of sodium hydroxide 
(3-0 ¢ ) im water (#0 ¢.c.). Crushed ice (40 g.), then acetic anhydride (6-4 g.) were added, and the mixture 
was shaken vigorously for 5 minutes. The yellow precipitate formed was filtered off and washed with 
water er on from ethanol gave 6-acetorycoumaran-3-one (7-5 g., 78%) as yellow crystals, 
> 4, _— 126°. The crystals were sublimed at 110°/0-5 mm. for eanieind ound: C, 62-3; H, 41: 

, 22-7. wit O, requires C, 62-5; H, 42; Ac, 22-4%). 


5 pe tte nasi Mencbaa hee S-one (60 g.) was su in acetic anhydride 
(1M «.c.). Pyridine (30 c.c.) was added with stirring and cooling. After 24 hours at room-temperature 
the mixture was stirred into water (1500 c.c.}. The solid was filtered off, dried at 60° and distilled in a 
vacuum. The fraction boiling below 150° /0-2 mm. was collected and crystallised from aqueous methanol 
(220 ©.c., 75%) yielding 3: 6-4 t. (70 g., 75%), m. p. 81° (Found: C, 61-6; H, 4-6; 
Ac, 37-0. C,.H,.O, requires C, 61-5: H, 43; Ac, 36-8%). 


3 . 6- Diacetory-2-acetyleoumarone.-—6-Hydroxycoumaran-3-one (10 g.) was boiled for 1 hour under a 
reflux with acetic anhydride (50 c.c.) containing | drop of concentrated sulphuric acid. The dark brown 
solution was cooled, and water (250 c.c.) added to decompose the exc ess of acetic anhydride. The black 
crystalline solid obtained was collected, washed, dried, and then sublimed at 150°/02 mm. The 
sublimate crystallised from ethyl acetate to give 3 : 6-diacetory-2-acetyleoumarone as colourless prisms 
(7-5 @., 41%), m. p. 165° (Pound: C, 60-8; H, 4-4: Ac, 46-9 (alkaline hydrolysis). C,,H,,O, requires 
C, 609; H) 435: Ac, 46 75%). Acid hydrolysis (Freudenberg) gave variable results for Ac. 


The 2:4 al egw. m. p. 213° (decomp. ), was i. a7 in glacial acetic acid (Found 
C, 52-7; H, 3-6; 11-8. CyH,,O,N, requires C, 52-7; H, 3-5; N, 12-3%). 


6-Hydrosycoumaran (111; R = H).-—(a) * ola ea ates (5 g.) in methanol (90 c.c.) 
containing palladium-charceal (4 g.; 10%) was shaken in hydrogen at room temperature and pressure 
One mol. proportion of hydrogen was steadily absorbed, thereafter absorption proceeded slowly. After 
removal of the catalyst, 6-benzylosycoumaran Mn R » C,H,), m. p. 50°, crystallised from the methanol 
on cooling (Found: C, 703; H, 62. C,,H,,O, requires C, 706; H, 62%). The reduction 
was completed by shaking the methanol solution with hydrogen and more freshly prepared catalyst 
(S@., 10%). After filtration, removal of the methanol by distillation and fractionation of the residue, 
“ hydroxye: oomaran distilled as a viscous oil, b. p. 128°/2 mm., which readily crystallised on cooling and 
then had m. p. 55°. It was not necessary to purify the product further by crystallisation since it gave 
good yields in the Hoesch and the Gattermann reaction. Sp&th and his co-workers (Joc. cit.) describe 
crystallisation from ether-light petroleum, and the product as having m. p. 61°. 

















Furanochromones. Part IV. 


Further preparations carried 40° with an initial hydrogen 
cudnontan pouvteaes Go ebenphinien edtnens Guikneliay % 


wh 








ed 
ee 
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Se 
Se 











Addition of 


— =o 6 y . 
= ~ bo roy fe poor ey rs 
maran. 





5-A an (IV).—(a) Hydrogen chloride was 
cooled mixture of 6-hydroxycoumaran ( &). 
The rate i 


. , posed it 

ux for | hour with aqueous su! ope 

Seas See eee Oe Ce ae en Oe ., 76%) as fine » 
108° (Found : C, 66-6; H, 55. C,,H,,0, requires C, 67-4; H, 574). 


(b) Aluminium chloride (5-5 g.) was added in 4 portions to 6-acetoxycoumaran (6 g. by y= in dry 
reaction mixture was beated 


(4-1 g., 68%), m. p and mixed m. p. 107-108"; the 2 : 4-dinéér needles 
(from glacial acetic acid), m. p. 293° (decomp.) (Found : C, 53-6; H, 3-0; N,16-5. C,,H,,O,N, requires 
C, 53-6; H, 3-9; N, 15-6%). 


(c) Boron trifluoride-acetic acid com , BF, 2CH,CO,H (262 g.), was added to 6-acetoxy- 
coumaran (17-8 g.), contained in a 500-<.c. , and the mixture stirred and heated to 70° for 30 minutes. 


care being taken to exclude moisture. Dissolution was complete after about 2 minates, and after about 
5 minutes the boron trifluoride com of bh After 


ydroxycourmaran 
the 30 minutes, the mixture was , aquecus sodium hydroxide (400 cc. ; ‘ 
mixture heated on the steam-bath until dissolution was complete (ca. 14 hours) , 
solution was filtered, and the filtrate made acid to Congo-red paper with hydrochloric acid (16%). The 
fawn-coloured precipitate was filtered off, washed well with hot water, and dried at 80°. The yield of 
ydroxycoumaran, m. p. 106—107°, was 17-0 g. (96%). 


——& mixture of (13-5 «¢. 
tine chloride (8 4.) im ether (100 c.c.) was cooled . 
ery ghee in 2 hours; the reaction mixture was set 
s collected. A portion, crystallised ody « famed encen- 
was ; " 
. p. 161—161-5° (Found: C1, 167. C,H,,0,C1 C1, 16-56%). The 


1 hour under a reflux with sodium acetate (15 g.) and ethanol (120 c.c.). 
the solvent was distilled off, and water (100 c.c.) was to the residue to 
(12-6 g. m. p. 191— 

: C, 674; H, 69. 


Approximately 
fo", trom aetna ea , bg 67-4; art rae 
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3:68 5-ethyi. —A mixture of 6-ethy!-6-h (18-8 g.), acetyl 
chloride (32 ¢.c.), and ethy! acetate (80 cc.) was boiled a reflux for 3 hours. Fractionation, 


a 5 a gave (16-2 g., 56 Sie" Pened 
and crystallised from methanol as | colourless m. p. 70° (Fouad : 
Ac, 31-5. CyH,,O, requires C, 64-1; H, 34: Ac, 32-8 
(a) 5Acet yooumaran (5 
water (15 c.c eee (15 cc.) were 
acid (1-5 c.c.) being added myo een ee ee. 
rm -benzene (2 as colouriess pnsms, m. 
as Lctipl bap enpeccuemens described beiow. . 
(bd) 3° 6-Diacetoxy-5-ethylcoumarone (10 f) in glacial acetic acid (50 c.c.) was reduced at 40— 


oO” ;1 atm. in of 
= th iter elution was ied 











coumaran (21 > Sap ees We oat 60 6 oie eee OS ee ee een ea 

a pe et ey Ag: formed colourless prisms, m. p. 96-6-—-97-5" (Found; C, 73-0; H, 
wll gO, requires C, 732; H,7 3%). 

(ec) The nepieagnaatinn of 5-ethy!-6-hydroxycoumaran-3-one (1:78 g.) in methano! solution in presence 

of Raney nickel (ea. 7 ¢.c.) was not te after 24 po pee at 40°/latm. However, 5-ethyl-6-hydroxy- 
coumaran, identical with the mat obtained in (4) and Se ee ee ee Creer 

coumaranone by means of light petroleum—beazene (2: 1 by vol 

5. Formyl-6. hydrox ycoumaran.—Hydrogen chloride was passed into a stirred, ice-cooled mixture of 
6-hydroxycoumaran (5 g.), dry zinc cyanide (7 g.), and anhydrous ether (100 c.c.) until completely 
saturated. After 15 hours, the ether was decanted, 8 Se eee eee by boiling it under a 
reflux with water (9% c.c.). After cooling, extraction with ether, and removal of the solvent, 5-formy!-6- 
hydroxycoumaran (5 g., 83%) was crystallised from methanol, forming needles, m. p. 108° (Found : 
C, 65-7; H, 47. Cale. for O,: C, 659; HL, , 

Dihydropsoraiene (1X).— 5-Formyl-6-hyd (2 g.) was heated under a reflax for 5 hours 
with acetic anhydride (5 c.c.) and anhydrous « sodiam acetate (5 g.) with iodine as catalyst (cf. Yanagisawa 
and Kondo, Chem. Abstr., 1922, 16,922). After treatment with water, the resulting solid was filtered off 
and stirred with cold aqueous sodium hydroxide (5 c.c.; ».). The a ibydropsoralene was 
filtered off and crystallised from methanol in colourless prisms, on admixture 
with the product prepared oe 6-hydroxyocoumaran by the The method cf Sp of Spath yt. co-workers. 

6- Hydroxy 5 B-hetobuty (V; R = Me).—-(a) yee VOM yAcpemm y (20 g.) in dry 
ethyl acetate (250 c.c. eae with ice-cooling to powdered sodi am Or ) just —_—— with anhydrous 
ether, After the initial reaction had subsided, the mixture was allo to warm and then heated for 
2 hours on the water-bath. The solvent was distilled off under reduced , and ice-water (200 g.) 
and aqueous acetic acid (from 20 c.c CR aheees eoeee aaah) atens ve Oe and shaking. A crystalline 

and some . 40-00") was added before filtration. The 


Bare cay 9 yey ps Rae ps 
2.6) was botlad with a wluton of enum hydroxide (170 
water (20 ¢.c.) for 20 minutes, and solution extracted with ether and acidified. ae Sante 
6 








separated, 
with water and a aq before being crystallised from ethanol 
6-Hydroxry-5-B-hetobutyrylcoumaran ve g., 61%) ore eet as 4 oy (free from needles of 


compound) and had m. p. 143° (Found 5&5. CyH,,O, requires 

(b) 5- bade. hydro maran (5 g.) and sodium methoxide (6-0 g.) in pure ethyl acetate 
(69 c.c.) were boi thy under a reflux for 3 hours on the water-bath with occasic shaking. The 
diketone (3-1 g.. 30%) to formed compact prisms, m. p. 143°, fromalcohol. The yields were not as consistent 
as with sodium in route (a). 

& Formylacety!-6-hydroxycoumaran (V;> R = — . 6-Hydrory-5-B-hetovaleryl. (V; R = Et) 
and 6 Hydroxry-5-B-hetohexanoylcoumaran (V; }.—A ution of 5-acetyl- -6-hydroxycoumaran 
6 & ) in ethy! formate (50 c.c.) was added EA ‘to powdered sodium (3 g.) covered with a little ether. 

»rous reaction ensued which was ted by ice-cooling. After § hour, the solvents were 
distil off in a vacuum, and ice and dilute acetic acid added carefully to the residue. The solid (5-5 g.) 
was filtered off and dried. Crystallised from ethanol (150 c.c.), OT Oe eaweC teh a (4-6 ¢.) 
formed colourless prisms, m. p. 167° (Found ; C, 64-3; H, 5-0. wal O, requires C, 64-1; H, 9%). 

6- Acetyl-6-hydroxycoumaran (9 A, a —ws (4-6 g.), and ethyl pr 
in each case) respectively, 6- ryt 
from methanol (Found: C, 66-9; 6-7. “OMe, requires C, AM 7; 
hetohexanovicowmaran (5-7 fi: beta ‘prisms, m. p. 119°, from methanol (Fou C, 68-4; H, “65. 
CygH,.O, requires C, 67-7; 6-5%). 

4: a Ee po apd : 2°64: T)chromone (VII; RK = Me).—6-Hydroxy-5-§-ketobutyryl- 
coumaran (10 &). plac acetic acid (40 c.c.), and concentrated hydrochloric acid (1 c.c.) were heated 
gently under a ux for 15 ———_ and the solvent then distilled off under reduced " 
solid residue crystallised from ethanol to give 4: 5’-dihydro-2-methylfurano(3’ : 2’-6: 


T)\chromone as 
oa re. , 90%), m. p. 166° (Found: C, 71-2; H, 60. CygH yO, requires C, 71-3: i. 


4: &-Dibydro vy: 2-6: yore ho R « H), 4 : 5’-Dihydro-2-cthylfurano(3’ : 2-4 : 7)- 
chromone (VII; «= Et), and 4 : 8’-Dihydro-2-n furano(3’ : 2°-6: T)chromone (VIL; R = Prs).— 
5-Formylacety!-6-hydroxycoumaran (3 g.) in acetic acid (#0 c.c.) containing 2 drops of 
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coacentrated hydrochionc acid was boiled under a reflux for 10 minutes. The solution was diluted with 
hot water (100 c.c.), ont he eae ee a al ag ph 


collected. Crystallisation from 

mp ies tto” (Pound: © O08, Has Cul Saf H's 3%. Tn a similar manner 

=>. 184— 185" 45 aa mrs 143%). Be ppd manne 

C hydroxy S-f-ketovaleryicoumaran (6 Depts TT choomons 
“ft i, Te 124—125", fot methane! (Pound feared 8 56. dy 

-5-8-ketohexanoylcoumaran & 
v.24 aye aX rd needles, m. p. 103°, nom athaned Posed Ciba, ae tit, 
requires C, 73-0; oie). 
bt decom (VI).—5-Acety!-6-h 
palladium 


g) was sublimed at 
eaten deal eech 060) cama 
and dehydrogenation were 


from methanol in yellow needies, m. p. 96° ound: C, 682; H, 4@. 
wll,O, requires C, 68-2; H, 46%). - Pare 
Satusfactory results have been obtained with ed 
prepared as described by Linstead and Thomas (/., 1940, 1127) was 


5B -hetobutyryl. ome.—The above conditions for 


ketobutyryk were followed with pe pen 
8.8 hetebutyrn compound (h7 E = from methanol as 
136-—137° (Found : 66-0; C,,H,,O, requires C, 66-0; H, 46%). 
2-Methylfurano(3’ : 2-6: Tolvomene (VIIT).—(a) 6-H 
by ethanolic sulphuric 








4 r los. 


J coating, crystallisation 
gave colourless needles, m. p. 186° (Found : C, 71-9; H, #1. Ca HeOe requis, 720; L4o%) The 
acetic-hydrochloric acid procedure was equally satisfactory. 

ae 4: S-Dib 2-methylfurano(3’ : 2°-6 : 7)chromone- a ig.) was deh by ones & it 

um-—norite ~ hy asabove. The Sg. 

coaienal and was identical with the product 

4 : S’-Dihydrofuranc(d : yinod 4: bag pene ee Acid (VII; R = CO,H).--Following the 
Keneral procedure adopted abo lg tee was condensed with ethy! oxalate 
(excess) and powdered sodium in pe Be (the ether op heen distilled until the reaction commenced), 
to give the dtheto-ester (V; R = CO,Et), m. p. 145° from ethanol (Found: C, 60-2; 
H, 5-0. Cyl ,O, requires C, 60-4; H, 50 The product (20 g.) was boiled in a mixture of acetic 
ee eee ee hate aes cael © 14 hours, and 4’ : 5’ -dihydrofurano(3’ : 2'-6 : T)chromone- 
2-carborylic acid (1-44 g., 86 er as a crystalline precipitate, which crystallised as small 
colourless crystals, m BS af om volume of acetic acid (Found: C, 62-1; H, 3 
C,,H,O, requires C, 62-1 chromone-carboxylic acid was heated a little 
above its m. p. until sibeemenal ceased, it was converted into 4’ ; 5’-dibydrofurano(3’ : 2°-6 : 7)- 
chromone, identica) with the product prepared above by cyclising 5-formy lacety!-6-hydroxycoumaran 


Bertisn Scnueamnc Researce Instrrore, 
ALpertey Enos, Cuxsuiee. (Received, July 31st, 1050.) 











627. Synthetic Polypeptides. Part I. Synthesis of Oxazolid- 
2 : 5-diones and a New Reaction of Glycine. 
By A. C. Farruimae. 


RN ee ee ee ee ee eee ae 
Leuchs-Bergmann method described. Other 4-substituted oxazolid-2 : 5-dioses are 
i —_—— with carbony! chloride. It is 

methylamine-| . N-di- 

i te converted tate cuneate S : S-dinae by the action of thionyl chloride or 


Tae adaptation (by Woodward and Schramm, J]. Amer. Chem. Soc., 1947, 68, 1651) of the 
Leuchs method (Ber., 1906, 39, 857) for preparing synthetic polypeptides has shed fresh light 
on the problem of synthesising polypeptides of high molecular weight from the several 2-amino- 
acids. Leuchs'’s method involves decomposition of the appropriate oxazolid-2 : 5-dione by heat 
ot by compounds such as water and organic bases : 


i so —>» [NHCHRCO}, + #00, 
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Se te ciation et tas cdhon ban even if of low molecular weight, the reaction 
stopped by rose coq t es per haerg here at yey teem Aeareny By using a 
soluble copolymer in the appropriate solvent Woodward and Schramm allowed the reaction to 
proceed to higher molecular weights, and this technique has since been used by other workers 

(Waley, Watson, and Hanby, Nature, 1948, 161, 132; Astbury ef ai., Nature, 1948, 162, 596). 

In this paper (Part I) the synthesis of some intermediates is described. Parts Il and IIT 
ie ny io a + rege any peel polymerisation " of the intermediates. 

Leuchs- Bergmann route to oxazolid-2 : 5-diones involves three stages : 


PhCH,OCOC + NH)CHRCO,H —>» PhCH,0-CONH-CHRCO,H 3 


PhCH, O-CONHCHR-COCl ——> PhCH, + So 


derivative into oxazolid-2 : 5-dione was improved by 
reaction with thiony! chloride and elimination of benzy! chloride, thus reducing the two reactions 
to a single operation. This technique was preferred to the other methods described for the 
preparation of oxazolid-2 : 6-dione because of the instability of the product. 

Some substituted oxazolid-2 : 5-diones were made directly from the 2-amino-acid, in dioxan 
suspension, by treatment with carbonyl! chloride. This reaction is analogous to the 
of isocyanates from amine salts by carbony! chloride; it war first used by Fuchs (Ber., 1922, 
55, 2043) and was extended to other a-amino-acids by Baird, Parry, and Robinson (B.P. Appl 
20,406 and 27,401/1947; see also Levy, Nature, 1950, 165, 162; Farthing and Reynolds, ibid, 


NH,yCHR-CO,H coda, —> a ce ae a —>» PhNHCO-NH-CHR-COH 
, ‘\ 
“im 060 NHC 
polymer <—— st %, TP 
HRCO” CHRO 


p. 647). The intermediate carbamyl! chloride was detected by its reaction with aniline to 
form, ¢g., N-phenylhydantoic acid in the case of glycine. This method was preferred for all 
the a-amino-acids used, except for glycine, with which reaction is slower. It is necessary to 
use pure a-amino-acid to simplify the purification of the oxazolid-2 : 5-dione, and because it is 
difficult to establish accurate criteria of purity, on account of instability. The carbonyl chloride 
reaction is quantitative under the proper conditions, the only possible impurities being the 
carbamy! chloride, ChXCO-NH-CHR-COCL and the derived isocyanate, OCN*CHR-COCI, which are 
both hquid (Robinson ef ai., loc. cit). Thus, if pure a-amino acid was used and the product was 
recrystallised at least twice (which removes all the chlorine) it was assumed that pure oxazolid- 
2: 5-clione had been prepared. It was found that several commercial samples of t-leucine were 
heavily contaminated with methionine (cf. Mueller, Science, 1935, 81, 50) which made the 
preparation of pure tsobutyl-t-oxazolid-2: 5-dione impossible and in earlier qualitative 
experiments on the “ polymerisation " a product of m. p. 65—70° (compared with 76°5—78 

for the pure compound) had to be used. For the later detailed work this difficulty was over- 
come (Part III) 

The oxazolid-2 ; 5-diones are internal anhydrides of the hypothetical carbamic acid 
HO,C’NH-CHR-CO,H. Only derivatives, such as salts, esters, and amides, of carbamic acids are 
known. Barium methylamine-] : N-dicarboxylate (N-carboxyglycine barium salt) has been 
prepared from glycine, barium hydroxide, and carbon dioxide (Siegfried, Ber., 1906, 39, 398 
72. Physiol. Chem., 1905, 44, 85; 1906, 46, 401; 1908, 54, 436: Schryvver et al., Biochem. J., 
1921, 15, 636; 1924, 18, 1070; Blanchetiére, Compt. rend., 1923, 179, 1629), and a series of basic 
salts is known (Neuberg and Kerb, Biochem. Z., 1912, 40, 498). Ester salts have been reported 
by Frankel ef al. (J. Amer. Chem. Soc., 1943, 65, 1671). A possible relation to in vivo reactions 
has been investigated (Siegfried Joc. cit.; Stadie and O'Brien, ]. Biol. Chem., 1936, 112, 723). 
It may be that the carbamate salts are involved in carbon dioxide transfer, and the formation of 
carbamates may be a delicate means of blocking amino-groups im vivo for the purposes 
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7a a The existence of sodium salts of these carbamic acids has been 
demonstrated. Disodium methylamine-] : N-dicarboxylate (N-carboxyglycine disodium salt) 
has been isolated and its structure proved. When a solution of equimolecular amounts of glycine 
am tsngpnahysntyatiipdiaph pity scape ee ie Shae tsa i AY 


NH,CH,CO,H + Na,CO, « NH/CH,CO,~ + Na* + HCO, = 


a carbon atom is attached to the nitrogen : 

NH-CO,Na NH-CO. 

- sor, —> | + 2Na + § 

CH,CO,Na n,co”” iene 
The disodium salt is soluble in aqueous barium hydroxide and so does not form carbonate ions 
on dissolution. On cooling the known barium salt separates. In the case of the barium salt 
the equilibrium must lie entirely in favour of the dicarboxylate, or of hydrogen carbonate 
because it is water-soluble, and only on heating does the irreversible precipitation of barium 


carbony! chloride can be used, the benzy! chloroformate route, as described above, is preferable. 


EXPERIMENTAL. 
5-diones are extremely water-sensitive. All apparatus was oven-dried at 110° for at 


the biuret reaction. Immediately 
SOS ont eke paween was 


2, 66, 1194), yrenge Bwn bnd 











removed at 20° at the water-pump during 10 hours. 
ioman and an acid chloride, but not of carbony! ch 


Carbony! chloride (2° ¢:) was dissolved in ethy! 
fitted as in (6). Disodium methylamine-1 : N- 
added. The mixture effervesced and 


b. p. during 15 minutes. Pp . wi 
petroleum. Oxasolid-2 : 5-dione was filtered off, washed with light petroleum, and dried (6-0 ¢., 27%). 

Disodium methylamine-! : N-dicarboxylate (10 g.) and ethyl acetate (150 c.c.) were stirred at room 
temperature, and thiony! chloride (5-0 c.c., a slight excess) was added. the reaction had finished 
and the orange mixture had cooled to room ethyl! acetate (100 c.c.) was added and the 
mixture refluxed for 10 minutes and filtered hot. filtrates were concentrated im vacuo to ca. 100 c.c. 
Light petroleum (100 c.c.) was added, the solution cooled, and oxazolid-2 : 5-dione filtered off (2-0 g., 32%). 

When dioxan was used as solvent similar Its were obt i. Use of acetyl chloride in place of 
thiony! chloride or carbony! chloride gave no oxazolid-2 : 5-dione. 


Properties. For “ polymerisations “ the crude uct was recrystallised from ethy! acetate, and if 


stored rece thee © Fre See San agate oon before use and dried over-night (cf. Mark ef a/., 
{. Appl. Physics, 1949, 90, 531). It was i from i 





It is difficult to establish rigorous criteria of purity 
because of its instability. A stock of arbobenzyloxyglycine was made and portions rapidly converted 
into oxazolid-2 . 5-dione as required. 

4-Methyl-pt-omazolid-2 : 5-dione.—(a) From N-carbobenrylory-pi-alanine (m. p. 114°). This deriv- 
ative was similarly to N-carbobenzyloxyglycine. The solid acid was dissolved in excess of 
thay! chloride at room temperature to form the acy! chioride. Excess of thionyl chiornde was removed 
at 40° at the vy” a residue was a pale brown oil which lost benzyl chlonde when further 
heated im vacuo at 40°. resulting pale brown oi! could not be crystallised or purified. It gave the 
reactions of an unstable oxazolid-2 : 5-dione. using the acetic anhydride—thiony! chloride method 
described for glycine an apparently identical uct was obtained. 

(>) Prom pt-elanine. pt-Alanine, ground (10 g.), in dioxan (250 c.c.) was treated with carbonyl 
chloride at 38-—40° for 54 hours, all d ving. Dioxan was removed at 40°/20 mm., to yield a pale 
brown oi] apparently identical with that obtained under (e) above. 

4: 4-Dimethyloxazolid-2 : 5-dions.—a-Aminoisobutyric acid was from acetone by 
the Strecker reaction (Org. Synth., Coll. Vol. II, p. 69). The amino-acid (15 g.) in dioxan (400 c.c.) was 
treated with carbonyl! chloride at 50° (bath-temp.) for 9 hours. After air-blowing and removal of dioxan 
as before an of] remained. This completely solidified when heated for 1 hour at 40°/20 mm. The 
prodect was taken up in a minimum of hot chloroform, the solution was filtered, and 3 volumes of light 
petroleum were added slowly. White shining crystals separated (15 g., 80%), m. p. 95-—97°. 


4. Benryl ot-oxazold-2 | 5-diome.—pt- Phenylalanine we Synth., 1941, 21, 99) (10 g.) was treated 
with carbony! chieride in dioxan (200 ¢.c,) for 2 hours at 40° (bath-temp.). The solution was air-blown 
and dioxan removed at 40° at the water-pump. The oily product rapidly crystallised and was 
recrystallised from ethyl acetate-light potions, to yield white plates (6-5 g., 60%), m. p. 127° 
(decomp. ). 


Attempted Preparation of ne byes peg yng : 5-dione.—t-Glutamic acid (10 g.) in dioxan 
(200 c.c.) was treated with carbonyl c ide at 40° for 10 hours. No change was . Aftera 
further 15 hours at 50° the solid dissolved. 
heated for | hour at 40°/20 mm. The 
The precipitated oi] was worked with 
The solid was extremely 
formed a brown 





. The residue was 
C, 546; H, 08; N.O7; 5,0 
from liquors contained 4-3 and 4-4 
aqueous ammonia, and treatment 
reduced the sulphur content 


he Riianing adie ath cutans See Cre .-Leucine (10 g.) in dioxan (330 c.c.) was 
treated with carbony! chloride at 40°, and dissolved in 2-75 hours. Carbony! chloride and 


pump. The haracteristic oxazolid-2 ; 5-dione 

L-leucine, as such, could mot be converted into a 

through the sodium carbonate complex were 

other suitable solvent (mixture) could be found. This 
during this work. Traces of acetic anly 








ethylamine-| ; N-dicarborylate (N-Carboxyglycine Disodium Salt).— 
t giycine (75 g., 1 mol.) were dissolved in water (500 ¢.c.) 
_and continuously run into the solution 
&. . The white, fi 





Ls . en’ 


, 2 
Cc, 22- ; N, 86 
ives C, 19-0; H, 28; N, 7-7; eye Samples were dried 
compound does not lose water on heating until decomposition takes place. 
The salt was free-flowing, soluble only in water, and insoluble in inert organic solvents. It was - 
tated from aqueous solution only by methanol. E and acetone were merely salted out from 
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628. Synthetic Polypeptides. Part II. Properties of Oxazlid-2: 5- 
diones and an Initial Study of the Preparation of Polypeptides there- 


By D. Coreman and A. C. Fartwine. 
(J. Amer. Chem. Soc., 1947, He Pp be pe ag 


for a quantitative study of the formation of 

be difficult to reproduce exactly when water 
instiator-catalysts. a The qpathetis pal a 
natural proteins, ¢.g., they are soluble only in non-polar solvents and are very stable to hydrolytic 
agents. 


In this investigation the substances (I)—(VIII) were studied. 


A R”. R. 
RRCO. . H pu-(V1.) Pr! 
’ iy) 


A H pe-(VII. cyclohexyl 
rR” — CO” (vu 1 But 
(TX). 
pw-(V.) 

When suitably treated, these substances, either alone or in pairs, form polypeptides of high 
molecular weight; this process is often referred to as “ polymerisation " and that term will be 
used with that meaning in this paper. First, the solution-polymerisation of the individual 
compounds, and then that of pairs, were investigated to find systems which gave soluble polymers. 
Generally it was found that the polypeptide was precipitated and this limited the molecular 
weight. Only two soluble polymers were found : poly-pi-phenylalanine, which was soluble in 
dioxan, tetrahydrofuran, or chloroform, and insoluble in benzene, dimethylformamide, or 
acetone—benzene ; and poly-pt-valine, which was soluble in chloroform and insoluble in benzene. 
Several new soluble copolymers were found, namely, pairs from a-aminoisobutyric acid, 
pi-phenylalanine, pt-C-phenylglycine; these polymers were soluble in lipophilic solvents such 
as benzene and chloroform, and in one instance in dioxan. With the exception of valine the 
polymers from one amino-acid were insoluble in chloroform, whereas the copolymers were 
soluble, as is the case with other polymer systems. The solubility in lipophilic solvents is no 
doubt due to the irregularly distributed hydrocarbon side chains; in the absence of these, the 
hydrogen bonding between the amide groups gives higher intermolecular attraction and renders 
the polymers insoluble. Thus polyglycine was insoluble in dimethylformamide, a powerful 
solvent for strongly hydrogen-bonded compounds. 

The work of Woodward and Schramm (J. Amer. Chem. Soc., 1947, 69, 1551) was repeated 
under controlled conditions. In the absence of water, polymerisation was absent or negligible 
When traces of water were added, these were adsorbed by the glass and polymerisation largely 
took place at the glass surface. Traces of the polymer were not completely dissolved and were 
finally removed by centrifuging. The solution was viscous and could be cast into films which 
gave an X-ray diffraction pattern very similar to that of a-keratin. Molecular weights 
determined by the end-group method showed values of 15,000, corresponding to approximately 
115 residues (two methods were used : chemical determination of amino-nitrogen, and physical 
determination of carboxy! by methylene-blue absorption; similar results were obtained by each 
method, by independent observers). Woodward and Schramm (loc. cit.) claimed values of 
* several million.” However, traces of polymer were removed by us; these may have been of 
higher molecular weight, but their amount was hardly sufficient largely to increase the mean 
molecular weight. Further the 4-isobutyloxazolid-2: 5-dione was not completely pure 
(Part I) 

From the results of these initial experiments it was decided to study the formation of the 
a-aminotsobutyric acid-pi-phenylalanine polypeptide in benzene. This was preferred to the 
Woodward and Schramm polypeptide because of the inaccessibility of pure 4-isobutyloxazolid- 
2 S-ione at that time. Benzene was preferred to chloroform because of its greater stability. 
The problem then arose of devising techniques necessary to study the polymerisation 
quantitatively (cf. Waley and Watson, Rec. Trav. chim., 1950, 69, 27, who have developed an 
elegant alternative methed) 
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Oxazolid-2 : 5-diones as a class are sensitive to traces of moisture, bases, etc., and so these 
had to be controlled. Provision has to be made for escape of carbon dioxide. The starting 


accomplished by putting the-reactor-viscometer (Fig. 1) on a rocker device. The viscosity was 
measured by timing a ball rolling down the inclined reactor. 
The viscometers were calibrated with solutions of known viscosity. The viscosity was 
directly proportional to the time of roll of the ball, so each viscometer was readily calibrated. 
The reactor-viscometer was dried and oxazolid-2 : 5-diones, solvent, and initiator (1% of 
water or aniline in anhydrous dioxan) introduced with the ball. The mixture was agitated at 
room temperature and the viscosity measured periodically. 


Pic. 2. 
Fie. 1. 
Viscometer tube 
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When equimolecular proportions of oxazolid-2 : 5-diones were used, the solution increased in 
viscosity and finally gelled (Fig. 2). However, the results were not reproducible and in some 
experiments the initiation appeared to be partly or completely inhibited. When water was 
used as initiator this effect was more pronounced than when aniline was used. It may be that 
adsorption of the water at the glass surface was a complicating factor. Whatever the cause, 
aniline gave better results and it appeared that other initiators and/or catalysts should be 
sought. 

No further viscosity measurements could be made after the gel point, and whilst the addition 
of m-cresol prevented gelation this substance was not used because it has an active hydrogen 
atom. 

It was shown, however, that gelation was avoided by varying the ratios of the oxazolid- 
2 : 5-diones in the phenylalani inoisobutyric acid system (cf. lower curve of Fig. 2), and 
this may prove # useful way of overcoming the gelation in other systems 

The molecular weight of 15,000 obtained for the .-leucine-pi-phenylalanine polypeptide 
implies about 115 residues per molecule, the bulk of the molecular weight being in the side 
chains. This molecular weight is low compared with that of silk and wool. Further, the bulky 
side chains would restrict hydrogen bonding between the ~CO- groups of one chain and the 
-NH- groups of another. 

The ee eines Nee CEOS SE Seen lea ae eee 
chains. Linked with this is the remarkable resistance to boiling mineral acids and alkalis. 
Twenty hours’ treatment had no apparent effect, whereas natural proteins are invariably 

9uU 
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usually to the constituent «amino-acids. However, natural proteins contain a 
number of acidic and basic side chains owing to a-amino-acids such as glutamic 
arginine, and these facilitate the approach of hydrolytic agents. A similar reason 

advanced to account for the insolubility in cupriethylenediamine reagent and 6™-urea, 


that polymerisation was more rapid in mixtures of m-cresol and pyridine than in the separate 
solvents. This was confirmed by the absence of poly(methyl methylacrylate) when (I) 

in pure methy! methylacrylate, which rapidly polymerises in presence of free 
radicals. The work described in Part III also supports an ionic mechanism. 


EXPERIMENTAL, 
lid-2 - ‘ 





Oxazolid- 
Results. 2: 6-dione. 


C,H ,-COMe, Ppt. after 9 days on 4 Vv) , Thixotropic gel after 1 hr. 
(30 ; 50) 


(Vv) a, 0 o 0 
Solin. viscous after 1 day (Il + VI) , Soln. viscous after 24 hrs 
0 “ -o (iv + VI) No change 
(IV) ¥ o 
C,H, (dried Ppt. after 12 days (I + 11) Ppt. after 1 day. Fil- 
over CaCl) tered. More ppt. after 
CHCl, Soln. viscous after 2 days a further 3 days 
Dioxan No change I) Ppt. after 5 
(dined } ’ Soin. viscous after 1 day 


over Na) og, Ppt. after 5 —— 
(1 + IT) H-CO-NMe, Viscous after 2 hrs. Ppt. J SHO), Soln. viscous after 1 day 


after 5 hrs ” ” 
(}) H-CO-NMe, Ppt. after 5 hrs. r Ppt. after 4 days 
(111) HCO-NMe, Viscous after 10 mins. (11+ VI) Cc ~ > 
Ppt. after | hr (il + VI) Soln. viscous after 5 
(IX) HCO-NMe, No change after 14 days days * 
(Ip C,H, (dried No change after 18 days (V+ VI) Dioxan os o “e.. 
over CaCl, Dioxan Soln. viscous after 1 day * 
(ip Dioxan Ppt. after 5 days Dioxan Soln. viscous after 5 days 
(11) Tetrabydro- e ee Ppt. after 2 days 
(VILI4 VIII C Soin. viscous, gelling after 
5 da 


furan 
(11) HCO-NMe, 


(II) EtOAc a se (VI+ VII) C Ppt. after 2 days 
(il + 111) C,H, Soln. viscous after 6 days (Il + VID) Soln. viscous, gelling after 


1) H-CO-NMe, Ppt. after 5 days 7 days 
(TT) CHC), Ppt. after 13 days (iv +VIl Cc No change 
(Ul + Uf) CHC), Soin. viscous after 3 days (‘V+VIID Cc Ppt. after 2 days 
(11 + V) C,H, Le after 13 days (il + VI Cc “f a 
(il + V) Chel, joxtropic gel after 2 (I1+IV) C No change 
rs. (VIL + VU) C Gel pptd. after 2 days 
(VY) EtOAc + Ppt. after 1 hr. f_4+V) C No change 
trace of »} Cc Traces of ppt. after 2 days 
NH,Ph (Ill + V) 2 5 e 
(Vv) Dioxan No change 


* These solutions geiled after a total of 12 days. 


Preparation of L-Leweine-Di- Phenylalanine Copolymer.—A 1-1. three-necked flask, equipped with 
“ Quickfit joints, air-tight stirrer, gas-delivery tube reaching to the bottom of the flask, and exit tube, 
was dried at 110° for | week. Benzene, refluxed for 6 days over sodium wire, was distilled into the dried 
flask through the condenser used for the refluxing; 433 g. were collected, and (III) (3-49 g.) and (VIIT) 
(2-57 g., equimolar amounts) rapidly added. On stirring, all of (VIII) dissolved, but only some of the 
(tit Dry, carbon dioxide-free nitrogen was passed in to displace the air. After 8 days there was no 
change. It was concluded that no polymerisation-initiator was present. Accordingly distilled water 
(0-05 g.) was shaken with sodiam-dried benzene (340 c.c.) and the whole rapidly to the reaction 
mixture. After 5 days the reaction mixture became cloudy and the gas- choked with polymer. 
All the glass in contact with the reaction mixture was coated with a film of polymer, and the solution was 
viscous. Stirring did not cause the film to dissolve. When no more reaction was apparent dry 
chloroform was added. The bulk of the polymer film dissolved and left a little suspended gelatinous 
matter. The mixture was centrifuged to separate the undissolved matter (0-1 g. when dry). The clear 
solution possessed non-Newtonian viscosity. 
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Works 
Sab 15,000 ware ovteined. pics? 


with a “ Quickfit ” Bid socket aed and a side-arm 

blown out to accommodate glass q 

ee oe ed with “ " ). 
54” consisted of “ Veridia “ tubing of uniform 

at 1” intervals. To measure viscosity the tube was 

a thermostat (at 20°) and left for 20 minutes. The 


roll a fixed 
referring to the water-level in the thermostat tank on the brass frame. 


To derive the constants of the instrument glycerol-water mixtures of known abolute viscosity 
(Sheeley, Jnd. Eng. Chem., 1932, 84, 1060) were used. “ Dynamite grade " glycerol was distilled (b. p. 
173° /13 mm.) and diluted with distilled water. The solution were tested with 8 of different diameters 
(1/32", 3/64", 3/32”). i ) against time of roll was sensibly linear 
from 0-1 to 15-0 poises. 
constants were inversely proportional (+ 2%) to the square of the ball diameter, each ball diameter and 
tube were calibrated individually. For a 3/64”-diameter ball the instrument constants were all 
ca. 0-0341 for a 3” roll. 


Thus" «- At, where » = viscosity of solution in poises, 4 =~ instrument constant, and ¢ = time of roll 
of ball in seconds. 





with glass wool, filled with 





dr was distilled directly into the tube, the only exit to the atmosphere 
— that through the viscometer side-arm. The viscometer was st and transferred to a shaki 
machine, designed to give gentle end-to-end agitation. The 

periodically as described above. 


After (II) (0-23 g.), (ILI) (0-38 g.; equimolar quantity), and a 1% solution of water in sodium-dried 
dioxan (0-05 c.c.) in benzene (7-0 c.c.) had been kept for 6 days, the viscosity had ag ae increased 
and was measured, with a 2” roll and 3/64” ball. The results are summarised in F he solvent 
was removed from the (Found: N,120. Cale. for 1: ymer, N, 121%). A 
was removed quickly a! 
decreasing from } to 110 seconds. The gelation was 
aggregates, not to the formation of a three-dimensional 


ee ae eee ae with half the above concentration and amounts of monomers and 
initiators. After 12 days t was no change. On addition of 0-05 c.c. of a 1% solution of aniline in 
dry benzene the viscosity imcreased in 24 hours, and after a further 14 days the solution gelled. 

The first experiment was repeated, but this time there was no reaction after 3 weeks. On another 
occasion there was no reaction after 8 weeks. When 0-5 c.c. of a 1% solution of aniline in 
was used instead of the water as initiator the viscosity increased only slightly after 3 weeks. 
and quinoline similarly showed slight catalytic activity, but it appeared that reaction was m 

in ordinary benzene. 


Polymerisation of (II) and (III) in 1 : 2 molar ratio was then examined. (II) (0-1 
) containing 1% of water, and benzene (7-0 ¢.c.) 
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ney Gait eee nee ene an with a positive biuret 
reaction. cea pe gears eee as would be expected from the bulky nature of the 


Seabee Penesnieic dois ean se teed pubtished (iethary chat Nemes, 1508; 
laboratories, some details have already been pu Nature, 1948, 
Coleman, sed Parthing, 64., 1949, 163, 834). 








varying igh 
water, and similarly with the pt-phenyl butyric acid copolymer. 
Tere lowe in other polymers as originally shown by Astbury ao. 
py bad butyric Acid (1: 1) 
for a month, between two Petn dishes. dim (0-266) was bested 
at it for 20 hours and to cool in a desiccator and weighed (0-276 g.) (Found 1,0, 2-0%) 
Mechaniom of Polymerisation.-A mixture of (111) and (VIII) slowly effervesced in m-cresol and in 
tely; but in a mixture of these the reaction was much more vigorous and the solution 
ly (1) wee oa in pure warm methyl methylacrylate, in which it was soluble; 
lye was precipita filtration the filtrates gave no precipitate when poured into methanol, 
ing the eof alyemetheys methylacrylate). 


The authors ae acknowledge the assistance of Dr. C. J. Brown, who examined the X-ray 
diffraction, of Mr. A. 5S. Fern ea meee mph ey groups in a polymer, and of Drs. W. H. Davies 
and F. S. Statham in 1 the encouragement and advice of 
other colleagues, espec y Deh Mill end BR. }. W. Reynolds 

Reszarcn Lasowatontss, Iwpexiat Cuemicat Inpustams Lrp., 

Hexacow House, Biackisy, Mancugsrer, 0. (Received, May 10th, 1950.) 











629. Synthetic Polypeptides. Part III. Initiators for the 
Co-polymerisation of Oxazolid-2 ; 5-diones. 
By D. Coteman. 

The formation of polypeptide co-polymers from substituted oxazolid-2 . 5-diones has been 
studied further. The conditions of the reaction are clarified and a controlled comparison has 
been made of various initiators. In general there were long and variable induction periods 
(5—8 weeks). However, the alkali-meta! salt of an a-amino-acid starts the reaction immediately 
and provides a means of controlling the molecular weight of the co-polymer. It may be used 
with completely dry solvents or may conveniently be produced in site by using sodium 
carbonate in conjunction with the moist solvent. By its use co-polymers have been obtained of 
sufheiently high molecular weights to produce fibres, from p1- lalanine-t-leucine and 
pL-phenylalanine-e-aminoisobutyric acid. A comparison of t ray diagrams of the 
synthetic fibres with those of natural ins reveals a strikin as similarity in an a-keratin 
pattern, A simple preparation of L-4-2’-carbethoxyethyloxazolid-2 : 5-dione which could be 


applied to half-esters of other amino-acids is described. Water-soluble polypeptides have 
been made from t-lysine and L-glutamic acid 


Tux preparation of polypeptides of high molecular weight from oxazolid-2 : 5-diones requires 
the presence of a catalyst as “ initiator.” Coleman and Farthing (preceding paper) have 
shown that when water or aniline was used for this purpose consistent results could not be 
obtained from pi-4-benzyl- and 4: 4-dimethyl-oxazolid-2 ; 5-diones. Since it was later found 
possible to prepare pure L-leucine the system used by Woodward and Schramm (/. Amer. Chem. 
oc., 1947, 69, 1551) has also been examined. With alcohols, amines, tertiary bases, or water 
as initiator a similar lack of consistency has been observed. Generally there was no or very 
little reaction even after the mixture had been shaken for two months at room temperature 
under controlled conditions 
An initiator was therefore needed that would react quickly and completely with the monomer 
Before Woodward and Schramm’'s work no attempts had been made to use small amounts of 
initiator with a view to obtaining high molecular weights. Wesseley (Z. physiol. chem., 1927, 
170, 78) had polymerised oxazolid-2 : 5-dione in boiling absolute ethanol, and Go and Tani 
Bull, Chem. Soc. Japan, 1939, 14, 510) had allowed the same compound to polymerise in moist 
air and in pyridine. The last reagent has been often used (Hanby, Waley, and Watson, Nature, 
1948, 161, 132), apparently with no very clear idea of its mechanism. It is in fact an apparent 
exception to the necessity for the initiator to possess an “ active hydrogen."’ The mechanism 
of the imitation reaction put forward by Woodward and Schramm was 


“HRC 
HX + Vi col —> XCO-CHR-NH-CO,H 
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to X-CO-CHR:NH,, which 
“ jnitiates the next step in the reaction. 


would react with the monomer to form the free amino-acid, and in the presence of a large excess 
of pyridine the amino-group of the amino-acid would be free to initiate reaction. If this were 
so, then a stronger base than pyridine might be more effective in neutralising the carboxy! 
group of the amino-acid and thus freeing the amino-group. These considerations 

the use of sodium carbonate in moist benzene and the alkali-metal salts of amino-acids in dry 
benzene. In both cases it was found that reaction started immediately and that, as shown by 
the absence of an inflexion in the plots of viscosity with time, the propagation and initiation 
reactions were identical. Furthermore, since the same curve could be obtained on using either 
the sodium salt of the amino-acid or sodium carbonate, the former salt was the actual initiator. 
This was confirmed by the complete absence of activity when sodium carbonate was used in 
conjunction with dry, rather than moist, benzene. The reaction in moist benzene occurred 
readily with the oxides, hydroxides, and carbonates of potassium and rubidium, but did not 
occur with other salts of these metals or with metals of other groups. Perhaps not surprisingly, 
lithium carbonate was completely inactive: probably lithium carbonate, being insoluble, was 
unable to form even the small amount of salt required. 

The alkali-metal salts are effective for a variety of a-amino-acids, but exceptions are the 
sodium salts of glycine and cystine which significantly are insoluble in benzene, in contrast to 
the others which are slightly soluble. The superior effectiveness of potassium over sodium 
carbonate is caused by its greater solubility. 

The sodium salt of phenylalanine in dry benzene containing the oxazolid-diones from t-leucine 
and pi-phenylalanine gave a co-polymer of molecular weight agreeing with that calculated on 
the assumption that each molecule of initiator reacts. In moist benzene the rate of reaction is 
reduced, probably because of the hydrolysis of the sodium salt and the consequent reduction in 
the number of reacting chains. A similar explanation applies to the behaviour of sodium 
carbonate in moist benzene. Here the molecular weight of the product increases as the amount 
of sodium carbonate decreases, but the relation is non-linear because of the effect of water on 
the salt equilibrium. 

As shown by a comparison of the activities of octadecylamine and aniline, the stronger the 
amine the more effective it is as initiator. Independent evidence that the basicity of the amine 
affects the reactivity is provided by the differing behaviour of oxazolid-2 ; 5-dione and 3-phenyl- 
oxazolid-2 : 5-dione. When allowed to react with equimolecular amounts of aniline the former 
gives exclusively the polymer whilst the latter gives a nearly quantitative yield of amide: in 
the first case, reaction of a small amount of aniline gives a strong base which immediately reacts 
with fresh monomer; in the second, the product is a weak base comparable with aniline itself 
and thus little polymer is formed. 

These considerations suggest that the still greater activity of the a-amino-acid salts is caused 
by the enhanced basicity of the amino-group brought about by the inductive effect of the 
carbony! group. Where the carbonyl and amino-groups are not connected to the same carbon 
atom as in sodium 6-aminohb vate the activity is much reduced and becomes comparable in 
magnitude to that of octadecylamine. This accounts for the absence of an initiation period, 
because the initiation reaction with the sodium salt of an a-amino-acid is essentially the same 
as the propagation reaction, since here also there is a carbonyl group on the same carbon atom 
as the reacting amino-group. The initiator and propagator of the reaction may both be 
expressed as NaO-(CO-CHR:NH)},°H, where m = 1 in the case of the initiator. 

The influence of carbonyl! groups on the reactivity of amino-groups is well illustrated by the 
reaction of esters of 2-amino-acids with nitrous acid to give diazo-compounds. _A stmilas 
reaction occurs with some a-amino-ketones, ¢g., aminocamphor and » 
(Angeli, Ber., 1893, 26, 1715; 1904, 37, 2080). According to Angeli the essential condition 
for the formation of diazo-compounds from aliphatic amines is the presence of the grouping 
X:C-CH*NH, (where X may be C, O, or N) or O'S‘CH*NH,. Thus aminoacetonitrile and 
aminomethanedisulphonic acid yield diazo-compounds. 

Reaction at High Temperatures.—The co-polymerisation of the components used by Woodward 
and Schramm has been found to occur at a much increased rate at higher temperatures, and 
provided that dry benzene is used in conjunction with small amounts of initiator (the sodium 
salt of phenylalanine) products of high molecular weight are obtained which are similar to those 
obtained at room temperature. However, the other co-polymer system studied does not behave 
in this way, for when the 1-4-isobutyloxazolid-2 : 5-dione is replaced by 4 : 4-dimethyloxazolid- 
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2: 6-dione no increase in viscosity occurs in boiling benzene. This is no doubt related to the 
greater stability of the latter compound at hi temperatures. 

The properties of synthetic polypeptide films made from certain m i rboxy lic acids 
have already been described (Part II). By use of the new initiators polymers of higher molecular 
weight are obtained which afford films with better ability to orient and thus giwe a clearer X-ray 
diagram. Solubility remains much the same, but films from polymers with a molecular weight 
above 40,000 are even more insoluble, ¢.g., insoluble in o-chlorophenol. These co-polymers have 
also fibre-forming properties. 

The molecular weights were determined by estimating the weights of methylene-blue that 
combined with the terminal carboxyl groups (Davidson, J. Testile Inst., 1948, 39, 65). On 
attempting to confirm the results by estimating the terminal amino-groups it was found that 
Sanger’s method (Biochem. J., 1945, 39, 507) failed because of the impossibility of hydrolysing 
the product of the reaction of dinitrofl benzene with the polypeptide. However, by using the 
Van Slyke method for the determination of amino-groups agreement was obtained for a 
polypeptide of molecular weight 15,000 made from pi-4-benzyl- and 1-4-isobutyl-oxazolid- 
2 : 5-dione. 

The X-ray fibre photograph of the co-polymer from L-4-isobutyl- and pi-4-benzy]-oxazolid- 
2 : 6-dione shows one marked difference from the film-photograph, in that the side-chain spacing 
orients along the equator in place of the 10°4-a. reflexion. One interpretation of this (Brown, 
Coleman, and Farthing, Nature, 1949, 168, 834) is that the molecules in the fibre lie transversely 
to the fibre axis, the structure being held together along the fibre by hydrogen bonds and the 
interlocking of the side-chains. Further X-ray results, supported by infra-red evidence, are 
obviously needed before a definite conclusion can be reached. 

A turther thirty combinations (two at a time) of various oxazolid-2 : 5-diones have now been 
studied, but only two were of interest, the majority again giving precipitates of low molecular 
weight. The two exceptions were the derivatives of L-glutamic acid and L-lysine. 

Water-soluble Polypeptides.—Globular proteins dissolve in aqueous solutions, and most of 
the fibrous proteins are also soluble after suitable treatment, ¢.g., silk fibroin by dissolution in 
cupnethylenediamine and neutralisation, followed by dialysis of the inorganic salts (Coleman 
and Howitt, Proc. Roy. Soc., A, 1947, 190, 145). It follows therefore that synthetic water- 
soluble polypeptides may be of more fundamental interest than the insoluble type. This does 
not apply to polypeptides that owe their solubility to the absence of intermolecular hydrogen 
bonds, such as polysarcosine, but to polymers and co-polymers of L-glutamic acid and L-lysine, 
since like the proteins these possess polar side-chains. Polylysine has been prepared (cf. Frankel 
et al, J. Amer. Chem, Soc., 1948, 70, 2004) and a co-polymer with valine has been obtained in 
chloroform, The removal of the protecting carbobenzyloxy-group by reduction proved some- 
what troublesome, and from the practical point of view poly(glutamic acid) was more attractive. 
This was made by forming the half ester (Abderhalden and Nienburg, Z. physiol. Chem., 1933, 
219, 155) from t-glutamic acid, the method being improved so that it could be used on a larger 
scale. The ester was then converted directly into the oxazolid-2 : 5-dione; the reaction was 
more rapid than with the neutral amino-acids, doubtless because of the greater solubility of the 
glutamic ester in dioxan. The product polymerised readily in moist dioxan, and the polymer 
was readily hydrolysed to poly(glutamic acid) by mild treatment with alkali. 








EXPERIMENTAL. 


L-4-isoButylorasolid-2 - 5S-dione (1).—-Considerable difficulty was experienced in preparing this 
compound owing to impurities in the L-leucine available. Low-melting products were obtained which 
poly merised spontaneously. This was caused by the presence of about 10% of tyrosine, the phenolic 

ydroxy! group initating the polymerisation. 


t-Leucine (methionine-free; B.D.H.) was twice recrystallised from water until a negative test for 
tyrosine was shown by the absence of a red colour with Millon’s reagent. The purified t-leucine (32-0 g.) 
was then agitated with sodium-dried dioxan (400 c.c.) in a three-necked 2-1. flask. Carbonyl chloride 
was passed in for § hour at 40°. A rapid stream of air was passed through the solution for 16 ee 
to remove excess of carbonyl chloride, and the dioxan then removed t# vacwo at 40°. The 
crystallised almost immediately. Kecrystallised from ether-light petroleum, the substance 37-0%) 


had m. p. 76--77° 


pt-4-Denzylosasolid-2 : 5-dione (11).—pt-Phenylalanine (50 g.) in sodium-dried dioxan (350 c.c.) was 
treated with carbonyl! chloride for 1 hour at 20° and then 4 hours at 40°. (II) was isolated as above, 
but from ethyl! acetate-light petroleum, as colourless needles (88-00%), m. p. 125°. 


mt -4-isoPutylorarolid-2 : 5-dione (II1).—pt-isoButyliglycine (10-0 g.) in dioxan (300 c.c.), treated as 


above for 5 hours at 20°, gave a colourless oil which, crystallised from ether-light petroleum, had m. p. 
47-00" (75%) 
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4 Dimethyloxarolid-2 : 5-dsome .—eAminotsobutyric acid .) in dioxan .), treated 
PR me et Py ey . $} (oom chicoctne the 











dinacived in sodters Mirarenide (118 02; 
See ee both cooled to 0° 
the mixture 


110 c.c.), and cooled to 0°, ae se 
minutes’ Vigorous shaking most eolid i b» 
concentrated in vacuo at 40°. Ethyl acetate was twice seeees my en sae 
time in vacuo at 50°, to give a dark-coloured oil. Ri cereeisenadint ton ether—light petroleum 
to give (VI) (8-5 g.), m. p. 100° (decomp.). 
L-4-Methylorasolid-2 : 5-dione (VII1).—vt-Alanine, a So aqueous alcohol, was treated 
as above for 1 hour at 20° and 2} hours at 40°; a yellow oil (VIII) was obtained. 
Di-4-isoPropyloxazolid-2 : 5-dione (1X).—pt-Valine (50 g.) in dioxan (400 c.c.) was treated as above 
for 3 hours at 50°. Crystallised three times from chloroform-light petroleum, 
m. p. 81°. 
3- Methylosxazolid-2 : 5-dione (X).— 











(X) as large needle-shaped prisms, m. p. 105°. 

Comparison of Various Initiators im the C sation of (11) and (IV).—0-002 G.-mol. of (11) and 
0-001 g.-mol. of (TV) in 7-40 c.c. of socdium-dried were used (these (Part Il) gave clear, viscous 
solutions) in the rolling- a eee Se ee of the was followed 
viscosimetrically in the way previously described. Results are in the table and are summarised 
in the figure. 

With the same reaction mixture (but moist benzene) the oxides, hydroxides, and carbonates of 
lithium, magnesium, calcium, lead, Cu", wn hy By Be ee Sodium stearate 
silicate, borate, and chloride, and disodium phosphate were also ae ee ve 
a slight initial effervescence, Oat panes We eae Seer ee oS ). Bensyitsi- 
methylammonium hydroxide, sodium ethoxide, and ammonium carbonate caused 





Sodtwm Salts of the Amino-acds wued a1 Tuitiators —A known weight of amino-acid was neutralised 
(carbonate- um-desiccator 





operties. On equilibration with dry benzene overnight, with shaking, the sodium salts were found 
tobe very slightly walle, except forthe tate ine and ine. The solubilities were 
assessed as drop of the filtered tion on filter was treated with a drop of 
yw pe phe bee the paper was then heated for 3 minutes at 110°, a positive result 
being shown by the red colour peculiar to e-amino-acids. 

Solubility of the Free Amino-acids in Benszene.—1-Leucine (0-5 g.) was treated in anhydrous 
benzene (100 c.c.) for 3 hours and the mixture filtered. The filtrate gave a negative test with ninhydrin. 
Glycine and a-aminotsobutyric acid were also insoluble, but phen ine, although insoluble in cold 
benzene, was very slightly soluble at 80°. 


Further Co-polymerisations.—Low-molecular-weight co-polymers of (VII) with 1 ons 
were obtained in benzene or chloroform. On the other hand, AaB) Bn J 4-5 4. 
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Roll-time over. Viscosity 
2 in. (secs.) (poises). 
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highly viscous solutions were obtained but no gel 
from a pon- viscous solution. 
> Sate TR (V) formed a viscous solution 


co-polymer in diozan. Insolu 
D. or x (1X) In pyridine or dhonan, with (V1) of (XD) i 
. 1) in ine alone or with (I) in benzene with (1) or (11), 
in benzene, ) in moist dioxan alone or with (II), tiv, — (XD), and (¢) Wit 
with (1), (11), (PV), (V1), OSD), or (XID. 


Polymerisation miature : (11) (2 mg.-enols.) and (TV) (1 mg.-mol.) im moist benzene (7-0 cc.). 
3 
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Viscos: ty ( porses). 
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2 8 4” 2 
Reaction time (day4) 


Mg.-mols. of initiator: A, CHyCHyCH(NH,)-CO,Na, 0-054; B, Na,CO, 04; C, K,CO, 01; D 
Nady 0-1, = C sHyCH, CH(NIL)-COWNa, 0-027 (dry benzene): E, KyCO, 0-015: ‘F, 
a MM CHI NH. \f0,N Na, 0-027, G, tL ANH, 005; H, NaOH, 0-04; J, Rb.CO,, 0.02; J, 
Wo ROH, or xia, 6 O-O1 


Use of Sodium Salis for Preparation of Products of Higher Molecular Weights.—(11) (2 mg.-mois.), 
(TV) (1 mg.-mol.), and sodium carbonate (0-07 mg.-mol.) in moist benzene (7 c.c.) during 6 pm 2 gave a 
product of mol wt. 25,500 


(1) (6 mg.-mols.), (11) (5 mg.-mols.), and sodium carbonate (0-05 mg.-mol.) in moist benzene (30 c.c.) 
during 6 days gave a product of mol. wt. 43,500. 


(1) (5-0 mg.-mols.) (1D) (5-0 mg.-mols.) and sodium phenyilalaninate (0-08 mg.-mol.) in dry benzene 
(30 c.c.) gave a product of mol. wt 15,800 (theor., based on the amount of initiator, 16,250). 


Mol. wts. were determined eta the content of end-carboxy! groups in portions of film cast from the 
solution. The film was dyed to saturation point by methylene-biue 2H, and the amount of dye taken 
up estimated by dissolving the washed film in o-chlorophenol and determining the amount of dye 
colorimetrically 


Products of still higher mol. wt. were prepared but the exact values could not be determined because 
the films had become insoluble in solvents such as o-<hlorophenol, so that the smal! amounts of dye 
taken up could not be estimated 


After (I) (5 mg.-mols.), (11) (5 -mols.), and sodium phenylalanine (0-01 mg.-mol.) had been kept 
im anhydroes benzene (30 «.c.) for 16 days, the viscosity was too high for measurement. Cast films 
could be cold-drawn to the extent of 50%. The mol. wt. calculated on the proportion of initiator used 
was 130,000 


High-temperature Polymerisations ~{T) (20 mg.-mols.), (11) (20 mg.-mols.), and sodium phenyl- 
alanine (0-027 mg.-mol.) in anhydrous benzene (60 c.c.) were heated on the steam-bath for 100 hours 
(After 50 hours a sample gave good films.) As the reaction proceeded, about half of the polymer was 
wecipitated. The precipitate dissolved slowly on the addition of more benzene, and differed in no way 
rom the dimolved polymer. In this experiment the whole of the polymer remained colourless, but on 
repetition erier apparently identical conditions the final product whilst of about the same viscosity 
was faintly yellow, probably owing to slow decomposition of the polypeptide by slight overheating. When 
the steam-bath was replaced by a water-bath at 85—00° no discoloration was observed. 


Attempts to co-polymerise monomers (II) and (IV) at high temperatures failed. 

Polymerisation at 100° without a Solvent.—A 2:1 (mol.) mixture of (II) and (TV) was heated for 
| hour at 100° (¢) with and (6) without sodium carbonate. In both cases carbon dioxide was evolved and 
a yellow colour developed (in less than five minutes if sodium carbonate was present). The product from 
(a) was insoluble in benzene, that from (6) soluble (to give fluid solutions) *olymerisation had thus 





pi-alanine. (VIIT) did not polymerise in solution at room temperature, ae oe SEER eeege- 
, Teadily soluble in water, was obtained after 30 minutes’ heating to 100° 


P A tery polymerised for 2 da: moist dioxan at room eeunpeen 
ey ge Deed mt sadectsenter over paaniin “ans this gute puiyty-augl 


sodium 7 
sium brome remne On acidification, the bulk was precipitated as poly- 
. It was washed with water, alcohol, and ether and finally dried in a vacuum-desiccator 
culpbaric acid. 


y-Ethyl 1 t acid co-polymer. Equimolecular amounts of (IV) and (V) 
codcigtiosadl te cates tan ts otis an eaaate dar eal eee ae. 


-Lysine-Di-valine co-polymer. (1X) (0-143 g.) and (VII) (0-31 g.) were 
in moist chloroform (10 c.c.). The product suspended 1 





washed with ether was dissolved in water (1-0 c.c.) es 
ether (35-0 c.c.). The product (0-11 g.) was freely soluble in water gave a strong 


The author thanks Mr. A. S. Fern of the Dyestuffs Division Dyehouse for estimating molecular 
weights of the films, and Dr. * S. Statham of the Research Department of these laboratories for gifts of 
pi-4-hexyloxazolid-2 : 5-dione and N-carbomethoxysarcosine. 
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630. The Mechanism of Inhibition of the Corrosion of Iron by 
Sodium Hydroxide Solution. 
By J. E. O. Mayne, J. W. Menrer, and M. J. Pryor. 
When iron, freed from its original air-formed oxide film, is immersed in 0-l»x-sodium 
hydroxide, containing dissolved oxygen, it becomes covered with a thin film of y-Fe,O,; the 
view is put forward that this film is responsible for passivity and results from a het 


erogeneous 
reaction between oxygen, dissolved in ~~ solution, and the iron. A de-aerated solution of 


0-In-sodiam hydroxide attacks iron 7 See ; the reaction is controlled mainly by high 
polarisation of the cathodic discharge of hydrogen ions 


AN investigation into the mechanism of inhibition of the corrosion of iron by a solution of 
sodium hydroxide was carried out by Travers and Aubert (Compt. rend., 1932, 194, 2308) who 
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of —0026 v. in the presence of air and — 0400 v. when the solution was de-aerated. 

. R. Evans (“ Metallic Corrosion, Passivity and Protection,” Edward Arnold & Co., 1946, 

p. 543) discussed these results and concluded that “ The passivity resulting from the simultaneous 

presence of oxygen and alkali is connected with the diminished solubility of ferrous hydroxide 

in solutions rich in hydroxyl ions, instead of passing into solution, the ferrous hydroxide forms 
& solid film and is converted to a hydrated ferric oxide in physical contact with the metal.” 

Kabanov and Leikis (Acta Physicochem. U.S.S.R., 1946, 21, 769) subjected iron, previously 
reduced in hydrogen at 700—900°, to anodic polarisation with a smal! constant current density, 
in 2x-sodium hydroxide saturated with hydrogen. The examination was extended in a later 
paper (Kabanov, Burnstein, and Frumkin, Faraday Soc. Discussions, 1947, 1, 259) which showed 
that the anodic polarisation curve had two arrests corresponding to processes which take place 
at constant potentials. The first arrest, at the most negative potential was shown to be 
characteristic of the formation of ferrous hydroxide, and the second, which is half as long as 
the first, to the oxidation of ferrous hydroxide to ferric hydroxide. If more current was passed, 
the potential then rose rapidly by about 1 v. and the specimen became passive, an effect 
attributed to the formation of a “ passivating oxide.” 

It was shown recently by Mayne and Pryor (/., 1949, 1831) that the film formed on initially 
film-free iron by solutions of chromic acid and potassium chromate, containing dissolved 
oxygen, consisted mainly of y-Fe,O, Since exposure of iron to air would result in the formation 
of films of similar composition (litaka, Miyake, and limori, Nature, 1937, 39, 156; Nelson, 
J. Chem. Physics, 1937, 6, 252; Vernon, Trams. Faraday Soc., 1935, 31, 1677) some doubt 
existed as to how much of the oxide film, formed during passivation, was produced by the 
chromate rather than by the dissolved oxygen. In order to obtain further information regarding 
the part played by dissolved oxygen during inhibition by potassium chromate and by sodium 
bydroxide solutions, the following investigation was carried out. 


EXPERIMENTAL. 


Materials The iron used in these experiments had the same composition as that used in a previous 
investigation (Mayne and . ee. ctf.). Each specimen was cut from sheet 0-02 cm. thick and was 
degreased in benzene, a with 3/0 emery, swabbed with acetone, and dried; the size of the 
@pecimen varied according to the apparatus used. 


Fic, 1. 


Specimen 
3 


*//ter- paper 
connection 


f 

| Ag/Agcl Meat 
e/ectrode 

> Jp valve potentiometer 


Prehmenary | nvestigation — Kemoval of oxygen from water is a slow process, and the work of Evans 
and Mears (/. See. Chem. Ind. 1933, 62, 3407 - indicated that the degree of de-aeration obtained by 
previous workers may not have been very high. Consequently our solutions were de-aerated by boiling 
accompanied by the continuous bubbling of purified nitrogen in a closed apparatus (Fig. 1). 


The specimen S (6 « © 5 cm.; degreased and abraded) was a in the reaction chamber X 
from a stout platinum wire, this wire was sealed into the tube 7, which was partly filled with mercury 
during the expenments in order to obtain electrical contact with the specimen. 40 MI. of the solution 
under examination were placed together with 50 mi. of distilled water in the flask 1. The spe 
was flushed out with oitrogen, purified by passage over reduced copper turnings at 450° and t over 
soda lime. The nitrogen entered the apparatus through the tap A, bubbled through the solution in the 
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1. De-aerated O-1x-NaQH. Air admitted at X-Y after 2 hours, 


11. &1-NaOH, in contact with air for whole , 
111, De-acerated O lm-K,CrO,, Air admitted at X-Y after 2 hours. 


Some of the results obtained in this apparatus are shown in Fig. 2; it can be seen from curve III 
that the potential of an iron specimen immersed in de-aecrated 0-1n-potassium chromate is unc 


on the admission of air, whereas the potential of an iron —_ ~ ye pa in 0-I~-sodium h 
admussion of air to the us (curve I). 
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* Calculated from a, = 832 a. 


If, however, an area of the film containing the denser particles is brought into the field the pattern 
shows @ striking change. There is often pronounced arcing of the rings and sometimes even a cross 
% pattern of spots superimposed on the ring pattern (see, for example, Fig. 6). It is found that 

cross grating spots coincide with + - of the y-Fe,O, pattern. Thus these massive particles have 
the same structure as the bulk of the film. Spacings calculated from a photograph of this type are 
tabulated in Table LI 


765 
6 


Ring radius, 8 (cm.) 0 
dia) ; 4 

FeO, * 4 
Ring radius, R (cm.) 2 
dia) 1 
y FeO, * i 


a2 
52 
4s 3 

1-315 
* Calculated from a, = 8-32 a. 
Closer examination of some photographs has disclosed a number of weaker sharp spots scattered 


in random radial directions over the te, many of which do not lie on rings and do not coincide with 
y Fe,O, spacings. The spacings of t spots are listed for a number of different plates in Table III. 


Taste III, 
Caleulated spacings of spots (a.). 


xrocite 
Plate Plate Plate fay spac- . Plate Plate Plate 
2 a) 4. ing (a.).* 1. 2. 3. 
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_ — 1-636 
~— 11525 1-625 
1515 151 1616 
1-485 
1-41 
1-395 
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137 - " 
© a, ~ 367; b, @ 12-51; a ¢ Prohibited reflection. 


It is difficult to attribute an incomplete set of spacings unambiguously to any particular structure. 
The only course is to find owt how the spacings which are observed compare with those 
of possible chemical constituents of the imen. In this instance the only possible 
are axtiom carbonate (arising from sodium hydroxide incompletely washed out of the film) and 
crocite (y Fe,O,H,0). No satisfactory fit could be obtained with sodium carbonate, whereas nearly all 
the spots observed show good agr t with possible spacings of lepidocrocite. 

The pattern (4 lepidocrocite is difficult to distinguish from that of y-F as a number of prominent 
spacings in each pattera are almost identical. Many spots are in fact on the » Fe,O, mngs 
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It is difficult to give an wu estimate of the relative quantity of lepidocrocite in the film. The 
limited ber and intensity o! Re ee ge eS aan te ay Se; Cee ey a 
spot on a plate corresponding to a particular spacing. 





film consists of y-F In addition, 
in scattered 


Reaction between Iron and De-aerated Sodium H. ide Solution.—in order to obtain improved 
de-acration, a vacuum technique was evolved, on the fact that the solubility of gases in solids 
is very appreciably lower than that in liquids. 

The apparatus, Fig. 3, was made from ees Oe pee Sek wae te te ees Se 
Seuid cit thich were mando Son Powe. 20 fhe my age yy eng th 

; iron specimen ( 


as reaction-vesse! R 


The solutions L, and L, were carefully frozen from the 
opened, and the system was evacuated by a Hyvac two-stage 








m chioride ; 
chioride tons was within the range 0-001—0-0001n. 
ation) by the thioglycollic acid method (Swank and Mellon, Jnd. Eng. Chem., Anai., 1938, 90, 7). 


left behind a small quantity of ¢ 

iron, carrying its air-formed film, was exp 

iron contents of the solutions were 

0-Is-sodiam hydroxide in contact with air. 

tained 42 pg. of iron, whereas in the presence of air no iron could be detec 








Fig. 3, and both anodic and cathodic 
di : 
means of the standard silver /silver chloride electrode. The results are shown in Fig. 4 


Discussion 


During the preliminary investigation it was found that the potential of an iron specimen 
still carrying its air-formed film was approximately ~—0°630 v. in de-aerated 0-1N-sodium 
hydroxide (Fig. 2, curve I); when air was admitted to the apparatus the potential rose rapidly, 
becoming positive on the standard hydrogen scale-——a result in accordance with previous work 
Using the apparatus shown in Fig. 3, in which de-aeration was more effective, and iron specimens 
from which the air-formed film had been removed by acid pre-treatment, it was found that 
(1) the solution contained a small amount of iron,* (2) the potential of the specimen fell to a 
minimum value of — 0-720 v., and (3) the potential remained constant in the region of — 0-700 
v. for 48 hours 

It ‘appears, therefore, that iron is very slowly attacked by de-acrated 0:'In-sodium 
hydroxide; the fact that, under these conditions, the potential-time curve is almost flat 
suggests that the electrochemical attack is mainly under cathodic control; had the control 
been anodic, «¢., governed by film formation, the curve would have sloped upwards. This 
view is confirmed by the polarisation curves (Fig. 4), which show that the anodic curve, at 
very low current densities, is almost flat while the cathodic curve has a much steeper slope. 
It should be noted that these polarisation curves are the continuation of the curves representing 
a corroding specimen, see, for instance, Simnad and Evans (Trans. Faraday Soc., 1950, 46, 175). 

Thus it appears that in a de-aerated solution of 0'1N-sodium hydroxide very slow electro- 
chemical attack takes place on an iron specimen with the probable formation of ferrous hydroxide 
as the anodic product. Furthermore the rate of attack appears to be largely governed by the 
slow cathodic discharge of hydrogen ions and not by the formation of a film of ferrous hydroxide 
at anodic areas, which is in accordance with the views of Frumkin and his co-workers (loc. cit.). 
They state that ender conditions of anodic polarisation “ ferrous hydroxide was deposited as 


* The iron could net have arisen from the acid treatment since similar quantities were found in 
experiments, in which no acid was used. 
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a gelatinous, porous, precipitate weakly bound to the metal. This was concluded from the 
failure to detect any ohmic resistance on an electrode covered with a deposit of Fe(OH), 
although this compound is itself non-conducting.” Frumkin believed that the ferrous hydroxide 
layer formed on iron anodes in de-aerated 2n-sodium hydroxide resulted from hydrolysis of 
HFeO,’ ions and not from precipitation of anodically produced ferrous ions, since he was able 
to infer that the rate of formation of ferrous ions at the potential of the formation of Fe(OH), 
was far too low to accord with his experimental! results. Schrader (Chem. News, 1929, 138, 
354) has stated that only when the concentration of alkali exceeds 0-$n. is iron present mainly 
in the form of the univalent HFeO,’ ions. Consequently it appears that under the conditions 
studied by the present authors the ferrous hydroxide results mainly from the 

of anodically formed ferrous ions. Furthermore it must be borne in mind that under conditions 
of natural corrosion in de-aerated 0-1x-sodium hydroxide the rate of attack is limited mainly 
by high polarisation of the cathodic discharge of hydrogen ions and that insufficient current 
passes to carry the anodic reaction further than the formation of ferrous hydroxide 

When iron is exposed to 0-In-sodium hydroxide containing dissolved air the potential 
quickly becomes positive to hydrogen (Fig. 2, curve II}. Furthermore a thin film, identified 
by electron diffraction as y-Fe,O, together with a very smal! quantity of lepidocrocite, is formed 
on the iron which is in the passive condition. The observations of Kabanov, Burnstein, and 
Frumkin (loc. cif.) that a relatively thick layer of anodically produced hydrated ferric oxide 
does not alone give rise to passivity and is formed at a potential of only about 100 mv. more 
positive than is ferrous hydroxide, suggest that the small quantity of lepidocrocite in the film 
does not play the major role either in instituting passivity or in developing the positive potentials 
observed in the presence of air. Thus the view is put forward that oxygen dissolved in solution 
is primarily responsible for passivity. It is considered that this oxygen becomes adsorbed on 
the surface of the iron and takes part in a heterogeneous reaction with surface iron atoms 
leading to the formation of a thin film of y-Fe,O,. This film is believed to grow until it becomes 
practically impervious to oxygen and to ions, after which it prevents corrosion. 

It was shown in a previous paper (Mayne and Pryor, Joc. cif.) that the film formed on iron 
by a 0-lnN-potassium chromate containing dissolved air, was composed mainly of y-Fe,O,. It 
has now been shown that the potential of an iron specimen immersed in 0:1N-chromate is 
unafiected by dissolved oxygen (Fig. 2, curve III); since potentials of the order of zero (on 
the hydrogen scale) could hardly be obtained unless the metal is covered with an impervious 
film, it appears that potassium chromate, in the absence of dissolved oxygen, can oxidise 
the surface of film-free iron to y-Fe,O, by the heterogeneous mechanism previously suggested. 
Such is not the case with sodium hydroxide which is not itself an oxidising agent. 

Schikorr (Z. anorg. Chem., 1930, 191, 322) has shown that »-Fe,O,,H,O is formed by the 
slow interaction of oxygen and ferrous hydroxide; thus the y-Fe,O,,H,O arises from the ferrous 
hydroxide produced either directly or indirectly by electrochemical action—a matter studied 
by Evans (op. cit., pp. 5, 11). It should be noted that the distribution of the y-Fe,O,,H,O 
through the film is not known; the particles may be evenly dispersed or they may be on the 
surface; furthermore its presence may be necessary for inhibition. 

Thus it appears that when iron is immersed in water or solutions of sodium hydroxide, 
saturated with air, two reactions may occur: (1) electrochemical attack with the production 
of hydrated corrosion products, ¢.g., ferrous hydroxide, either directly or indirectly, which 
then reacts with oxygen forming y-Fe,O,,H,O; and (2) a direct reaction between iron and 
dissolved oxygen with the formation of y-Fe,O,. 

Electrochemical attack will decrease as the pH of the solution rises, either by a progressive 
increase in cathodic polarisation, as suggested by the results obtained by Chyzewski and Evans 
(Trans. Electrochem. Soc., 193%, 76, 220), or by anodic polarisation brought about by the formation 
of lepidocrocite; on the other hand the reaction between iron and oxygen is independent 
of pH and will therefore become the important reaction in solutions of high pH. Conversely 
a fall in pH will favour the electrochemical reaction with the production of ferrous hydroxide, 
which will lower the concentration of oxygen at the metal surface, thereby preventing the 
formation of a film of y-Fe,O,. 

This tentative theory of the corrosion and inhibition produced by water and solutions of 
sodium hydroxide is consistent with the results obtained by Lee (Trans. Faraday Soc., 1932, 
28, 707), Bengough and Wormwell (Report of the Chemistry Research Board for the Triennial 
Period ended 3ist Dec., 1937, H.M.S.O., 1938, p. 17), and Groesbeck and Waldron (Proc. Amer. 
Soc. Test Mat., 1931, 31, I1, 286), in their investigation into the effects of oxygen on the rate 
of corrosion of steel in water and in dilute chloride solutions. 

9x 
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631. The Conversion of Sucrose into Pyridazine Derivatives. 
Part IX. The Nitration of Pyridazine Derivatives. 
By S. Drxow and L. F. Wicars. 


Attempts have been made to nitrate and several of its derivatives but, as in the 
seomenic midines and pyrazines, the ring is resistant to such a reaction. A nitration 
product from 3 er waders gawey vo was, however, obtained but this was a nitramino- 
derivative ". lated by the nitration of 3-ami ne. Both 
witramines react with bensylamine. elimination of nitrous oxide taking to form the 

corresponding 3-benzylaminopyridazine derivatives 





A stupy of the reactions of pyrimidine, pyrazine, and their derivatives reveals that these 
substances show a remarkable stability towards nitrating agents. With pyrazine, in no 
recorded instance does nitration proceed in the ring itself, With pyrimidine, nitration of the 
heterocylic nucleus does occur but is only possible when activating groups such as NH,, OH, or 
SH are present in the molecule 


CHeCH =H, 
(lL) Mec’ Seo mec COH (lL) 
N—NH 


‘N—WN 


In this paper experiments concerned with the action of nitrating agents on pyridazine 
derivatives are described Such reagents as fuming nitric acid and concentrated sulphuric acid- 
potassium nitrate were used but in no case was nuclear nitration effected. Pyridazine, prepared 
by a cight modification of the method of Evans and Wiselogle (). Amer. Chem. Soc., 1945, 67, 
60), was treated with concentrated sulphuric acid and potassium nitrate at room temperature 
but, despite the production of some carbonaceous decomposition product, the pyridazine was 
recovered unchanged in 80% yield. 6-Methylpyridaz-3-one behaves as an equilibrium mixture 
of (1) and the enol (IT) and can therefore be considered to contain a group (OH) which might 
activate the heterocyclic ring towards nitrating agents. However, when it was treated at room 
temperature with concentrated nitric acid no reaction took place. On the other hand, 
treatment of (I) with hot dilute nitric acid caused oxidation of the 6-methyl group with 
formation of 1 : 6-dihydro-6-ketopyridazine-3-carboxylic acid (Homer, Gregory, Overend, and 
Wiggins, J.. 1948, 2195) Similarly, pyridaz-3-ome was recovered unchanged after being 
treated with concentrated sulphuric acid and potassium nitrate, with fuming nitric and fuming 
sulphuric acids, or fuming nitric acid at a higher temperature. Thus, although the presence 
of an activating group is possible in the pyridazones by virtue of the enolisation referred to 
above, the effect is insufficient to promote nitration of the heterocyclic nucleus 

Another substituent which might be expected to activate the heterocylcic nucleus to an 
extent sufficient to allow nitration to occur is the amino-group. When 3-amino-6-methy!- 


NO, 
CHeCH H=Ct JOAN, 
Me CNH, NO,CH,C JXCNH, MeC . 
N N N N—} 
(HIf.) ; (Vv. 


JACHECH, 
4 CNH-NO, Me ie 
, SN-——N 
(VI) (VIL) 


pytidazine (III) (Overend and Wiggins, J., 1947, 239) was treated with fuming nitric acid at 
room temperature, and the mixture poured on ice, a crystalline mononitro-derivative was 
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isolated. This procedure sometimes led to serious decomposition of the materia] and it was 
found more expedient to use concentrated sulphunc acid and potassium nitrate as the nitrating 


nitration product from 3-amino-6-methylpyridazine | is the nitramine (VII). 


Fic. 1. Fie, 2. 
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. Potassium salt of 111. produce no change. 
(Measurements in ethyl-alcoholic solution.) 


Although catalytic hydrogenation of the nitramine did not yield the bydrazine (VIII), this 
compound was nevertheless synthesised by treating 3-chloro-6-methylpyridazine with hydrazine 
hydrate. It gave a characteristic hydrazone with levulic acid. 

Conclusive evidence was that the nitro-compound gave a colourless crystalline potassium 
salt which, with methyl iodide, gave an N-methyl derivative (IX), a behaviour ist 
of nitramines. Moreover, it reacted with benzylamine, elimination of nitrous oxide leading 
to 3-benzylamino-6-methylpyridazine (X), which was also obtained directly, although in 


Mec mot = mecd~ mesg NHCH x. 


much smaller yield, by the action of benzylamine on 3-chloro-6-methylpyridazine. A similar 

series of reactions was carried out with 3-ami ridazi Nitration led to the formation 

of 3-nitraminopyridazi which formed a colourless potassium salt. This, with methy! iodide, 

gave an N-methyl derivative. Treatment of 3-nitraminopyridazine with benzylamine gave 

Se ae Le ee ee ee ee 
and benzylamine 


. 3-Nitr thylpyrid. 1. 
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The absorption spectra of the nitramines and thei derivatives are of interest (see Figs | and 
2) though the explanation of the movement, in alkaline solution, of the absorption peak 
(especially im the case of the methylated derivatives) is not obvious. 

Examination of the formule of pyrazine and pymndazine together with the resonance forms 
which might contribute to these structures shows that all the carbon atoms in both ciazines are 
the seat of a fractional positive charge and hence any reaction with the nitrating ion, NO,", 
would be hindered. In the case of pyrimidine, all the carbon atoms, except that at C,,.. possess 
a similar fractional positive charge and hence nitration is difficult. Only im the case of 
position 5, where the positive charge is of an inductive nature, does reaction with nitrating 
agents occur. 

EXPERIMENTAL. 


3. Nitramino-6-methyipynidamne —(i) Action of ag wire acid. 3-Amino-6-methy!pyridazine 
(1-0 g.) was treated dropwise with fuming nitric acid (10 ¢.c.) at 0". After the initial ous reaction 
had subsided the clear solution was kept at room temperature for 24 hours and then into ice- water 


A crystalline precipitate of ep yy yo ated. Kec (charcoal) from 
boiling water, it formed needies or . m. p. 178° (decomp) (0-8 g.. 57%) (Found: C, 387; H, 41, 
N, 361. CHOWN, requires C, 389; H, 36; N, 36-46%); e... = 5020 at 28004.; eg = S780 at 
3200 « 

(th) Acton of concentrated eulphuric acid and potassium nitrate. The material (1-0 g.) was dissolved, 
with cooling, in concentrated sulphuric acid (10 ¢.c.). Finely powdered potassium nitrate (2-0 g.) was 
slowly added and, after being well stirred, the solution was kept at room temperature for 4 hours 
Thereafter it was poured into ice-water, and ammonia gas was carefully passed into it. A precipitate 
separated which, recrystallised (charcoal) from hot water, formed needles or plates, m. p. 178° (decomp) 
(}0g., 71%). The product was identical with that obtained above, 


Reduction with hydrogen in the sence of palladium. 3-Nitramino-6-methylpyridazine (0-25 g_) was 
treated as 4 suspension in dry met 4 (40 cc.) with hydrogen in the presence of a catalyst prepared by 
reduction of pa vas chicride (0-9 g _) on activated charcoal (2-5 ; ) under a slight pressure of hydrogen. 
The hydrogenation was stopped after the theoretical amount (110 ¢.c.) of hydrogen necessary for the 
reduction of the nitro-group had been absorbed. The catalyst was separated, and the pink solution 
concentrated The residue, recrystallised from acetone-light petroleum, formed (0-14 g., 79%), 
m p 225° alone of in admixture with an authentic specimen of 3-amino-6-methylpyridazine. 


Attempted hydrolysis 3% Nitramino-6- ey ey y (0-3 g.) was dissolved in hot 2n-hydrochioric 
ack (20 c.c.), and the solution heated under reflux for 3 hours. After cooling, crystals of unchanged 
starting material separated (0-1 g.). The filtrate was evaporated to dryness, and the residue, 
recrystallised from water, had m. p. 178° alone of in admixture with an authentic specimen of 
3-nitramino-6- methylpyridazine (0-19 g). the total recovery was 6-20 g. (97%) 


Treatment with sodium mirvte, 3-Nitramino-6-methylpyridazine (0-8 g.) was dissolved in concentrated 
hydrochloric act (15 ¢.c.), and an equal volume of water added. Sodium nitrite (0-5 ¢.) was added, and 
the solution boiled for 5 minutes, then poured into water and neutralised with aqueous ammonia. There 
after it was evaporated to i perry and the residue extracted several times with hot chloroform 
Evaporation of the extracts yielded a solid which, recrystallised from water, gave plates (0-4 g.. 60%) of 
mp. 120-123" alone or on admixture with an authentic specimen of 6-methylpyridaz-3-one 
monohydrate 

Potassium salt 3-Nitramimo-6-methylpyrdazine (0-5 g.) was warmed with an alcoholic potassium 
hydroxide solution (105 ¢.c.. @164~.) until complete dissolution was achieved. The solution was 
comed, and on the addition of a few drops of ight petroleum a white crystalline precipitate appeared 
This was separated and, recrystallised from alcohol-light petroleum, formed plates, m. p. 188° (0-45 g., 
72%). It was the fotassum salt of 3-nitramino-6-methylpyridazine (Found: C, 30-0; H, 2-65; N, 
200 CHO IN, K requires C, 31-2, H, 2-6; N, 202%). Quen © 6320 at 29104 

3. N.-Methyinttramnnc-6-mcthvipyridanne —The above potassium salt (035 ¢) was dissolved in a 
emall volame of dry methy! alcohol and treated with methyl iodide (0-3 ¢.). The solution was heated 
under reflux for 3 hours and then allowed tocool, The solvent was evaporated off, and the residual solid 
extracted several times with hot chloroform. Evaporation of the extract yielded a dark brown solid 
which was heated with alcohol containing charcoal, filtered, and evaporated. The residual yellow 
powder recrystallised from alcohol-light petroleum in long needles (0-1 g.. 33%) and was 3-N-methy!- 
nitramime-t-methyipyridanne, m. p. 148° (Found: C, 431, H, 44; N, 33-2. C,H,O.N, requires 
©, 420, MH. @ 8, N, 33-46%); tees BOTS at THI A: Goss 4840 at 3420 4.; after alkali treatment, 
Ques 1100 at 2070 a 

Nifration of 3-Amumopyndasnne 3-Nitramimopyridazime — 3-Aminopyridazine (0-5 g.) was dissolved, 
with cooling, in concentrated sulphuric acid (6 c.c.), and finely powdered potassiom nitrate (0-5 g.) 
slowly added with stirring. Thereafter the solution was kept at room temperature for 4 hours and then 
poured into ice-water Pale yellow 3-nitramunopyridasine separated and was collected. Recrystallised 
(charcoal) from hot water, it gave pale yellow needles, m. p. 184° (dec omp } (0-53 g., 72%) (Found: C, 
45, H. 20. N. 308 CHOWN, requires C, 43. H. 20: N, 400%): tau & 1930 at 2820 4.; 
fans ~ DO at 32504. The substance was readily soluble in alkali 


Potassum salt, 3-Nitramimopyridaane (0-6 g.) was dissolved in the theoretical amount of alcoholic 
peetom hydroxide solution (27.4 ¢.c., @156~.) under reflux. The solution was allowed to cool, and 
ight petroleum (b. p. 100-120") added dropwise until a faint permanent turbidity was produced. The 
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—light i= Loin "p 140"(aecomp.) (067g 88%) 
extreme metre her ae dae Org. a) Te 274; 
H, 1-75; N, 31-6. K requ 2740; ad N, 31-6 





iy be which, recrystallised (charcoal 
fem dry ethyl . yellow needles (0-2 g., 46%) of se Nae 
m. p. 98° (Found : rate H, 40; N, 36-8. C,H,O.N, requires C, 38-05; H, 3-0, N, 36-4 
3- Benzylaminop vridarzine. _8-Nitraminopyridasin; (0-75 g.) was treated with a solution of 
amine (1-5 c.c.) in dry xylene (8 c.c.). The mixture was heated gently 
produced. 
the gas had 
benzene t petroleum, - Pon a ate m. p. 
110° (Found : C, 71-1; H, 596, N, 23-0. C,,H,,N, i 4; H, 506; N, 22-7%) A pavers 
was prepared by disso! a little of the amine in ~water and a cold concentrated aqueous 
solution of picric acid yellow solid which separated, from alcohol-water, formed 
m. p. 169—170° (Found: C, 403; H, 35; N, 201. C,,H,O.N, requires C, 49-3; H, O4; 
N, 20-3%). 
3-Benzylamino-6-methylpyridasime —(i) 3-Nitramino-6-methylpyndazine (0-95 g.) was warmed in the 
wresence of a solution of benzylamine (3 c.c.) in dry xylene (20 ¢.c.). 
eating was continued for » minutes, and the solution was then no-6- 
methyl pyridazime ted and Oe from alcohol-water in needles, m. Pp. 138° (1-1 g., 90%) 
(Found: C, 72-5; H, 64; N, 21-7. C,sHN, requires C, 72-4; H, 65; N, 21-2%). 


(ii) A solution of Spee ent yet ne (20 g.) im dry ee (20 c.c.) was heated under 
reflux for 6 hours. The excess of benzy removed by dist yi under reduced — and 
the oily residue allowed to cool. After solidi , it was m. 
forming plates, m. p. 133° (0-9 g., any rec from —- gave pote As plates of 
3-benzylamino-6-methylpyridazine, m. p. 138° eens or mixed with the product obtained asin (i). A 
prcvate was prepared by dissolving a sonal quantity of the base in dilute alcohol and adding dropwise a 
cold saturated solution of picric acid in alcohol-water a tate was washed with warm water and, 

recrystallised from alcohol-water, formed plates, m. p. } (Found: C, 507; H, 309. C,,H,,O.N, 

requires C, 50-45; H, 3-7%). 


6- Methyl-3-pyridazythydrazine.—3-Chioro-6-methylpyridazine (10-0 g.) and hydrazine hydrate 
(50 c.c.) were heated together under reflux for 5 hours. After being cooled, the mixture was extracted 
several times with ether, and the extract dried ( ye Evaporation of the solvent afforded a solid 
resikiue, m. p. 70-——-72° (1-8 g.). Crystals (3-8 g.) which separated when the aqueous layer was kept 
were collected and found to have m. p.67—-70°. The filtrate was then evaporated under reduced pressure 
to a thin syrup, concentrated aqueous potassium hydroxide added, and the solution Satie 
exhaustively wit ether, and the extract dried ( 4) - 
of 6-methyl-3-pyridarylhydrarine. The crude 
monohydrate, m 
requires C, 42-3; 


kept 
overnight at room temperature the solution was evaporated to dryness, and the solid residue, 
recrystallised from ethyl alcohol, had m. p. 175°. It was the MARL ey oe ae of evulic 
acid (1-2 g., 67%) (Found : C, 53-7; H, 61; N, 25-3. C,,H,,O,N, requires C, 54-0; H, 6-3; N, 26-2%) 


The authors are grateful to Sir John Simonsen, F.R.S., for his interest and to the Colonial Products 
Research Council for supporting this investigation. 
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632. Synthetic Polypeptides. Part II. Polyglutamic Acid. 
By W. E. Hansy, S. G. Warey, and J. Watson 


The synthesis of polyglutamic acid has been investigated. Reduction of poly-(y-benzy! 
L-glutamate) by ium iodide proved to be the only method of obtaining the polymeric 
acid optically . structures of this —— ypeptide and the poly-p-glutamic acid 
isolated from B. anthracis have been investigated -red spectroscopy ; poly-D-glutamic acid 
has also been synthesised and compared serologic > with the naturally occurring material. 


ALL the synthetic polypeptides described in Part I have non-polar side chains. Since proteins 
contain also amino-acid residues with polar side chains, we have therefore studied the synthesis 
of an acidic polypeptide, polyglutamic acid (Hanby, Waley, and Watson, Nature, 1948, 161, 
132). While we were investigating this, the preparation of both a basic and an acidic 
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was reported (polylysine, Frankel, Grosfeld, and Katchalski, J. Amer. Chem. Soc., 
polyaspartic acid, Frankel and Berger, Nature, 1949, 163, 213). Another 
investigating polyglutamic acid was that the capsular substance of Bacillus anthracts 
built up solely of (—)-p-glutamic acid residues (I vanovics 

, 1937, 90, 304; 193%, 98, 119; Hanby and Rydon, Biochem. /., 


first method which we tried was reduction of N-carbobenryloxy-t-glutamic acid 
ydride (I; KR = PhCH,0,C). We hoped that the amine (I; R — H) would polymerise to 


co 


s™»~ -H, “M, 
RNHCH 0 Hoeen “bo (It.) 
ad Hg 60 \G 
cH, 

give a chain consisting predominantly of a-peptide with a few y-peptide links. Although 
hydrogenation proceeded smoothly, the only compound isolated under a variety of experimental 
conditions was 2-ketopyrrolidine-5-carboxylic acid (II). It thus appears that the amine 
(I; R « H) rearranges easily to (11) 

We therefore adopted the following route, using the Leuchs polymerisation of N-carboxy- 
amino-acid anhydrides 


} ROS ale rH Oo 
KO,C(\CH, CH -CO,H i RO,C(CH,)CH-CO,H oo e. 
NH, HCO,;CH,Ph 
(Til) (tv) (Vv) 
{(NHCHCO),: (NH-CH<CO\,: 
(CH, ,CO,R { =a gO H 
(VI) (vu 


> 


In preliminary experiments, treatment of the y-ethy! N-carbobenzyloxyglutamate (IV; R = Et) 
with phosphorus pentachloride gave y-ethyl N-carboxy-1-glutamate anhydride (V; R = Et), 
which was polymerised in cold pyridine. Hydrolysis of the polymer (VI; RK = Et) with cold 


dilute alcoholic alkali removed only two-thirds of the ester groups. However the methyl 
ester group should be more easily removed, and Fraenkel-Conrat and Olcott (J. Biol. Chem., 
1945, 161, 259) state that the methyl ester (VI; R = Me), prepared by esterification of the 
capsular substance of Bacillus anthracis, is readily soluble in water and that the ester is easily 
hydrolysed. Although difficulty was at first experienced in obtaining consistent yields in the 
esterification of glutamic acid with methanolic hydrogen chloride, esterification proceeded 
smoothly when the glutamic acid was added to methanol to which some acetyl! chloride had 
previously been added. The y-methy! glutamate (III; R = Me) with benzy! chloroformate in 
aqueous sxlium hydrogen carbonate gave ymethyl N-carbobenzyloxy-t-glutamate (IV; 
K « Me) which with phosphorus pentachloride afforded y-methyl N-carboxy-1-glutamate 
anhydride (V; R= Me). Polymerisation in pyridine gave the polypeptide (VI; R =< Me), 
which was found to be insoluble in water and alcohols. This discrepancy between the synthetic 
ester (VI; RK « Me) and the ester of the naturally occurring polyglutamic acid (Fraenkel- 
Conrat and Olcott, loc. cf.) led us to attempt esterification of the naturally-occurring 
polyglutamic acid. We found, however, that our specimen of polyglutamic acid (“ H. 230 B” 
mol. wt. 21,000, Hanby and Rydon, loc. eit.) did not dissolve in methanolic hydrochloric acid 
even in three days (Fraenkel-Conrat and Olcott report rapid dissolution and nearly complete 
esterification in | day) and contained no methoxy! groups. It is probable that this difference 
is due to the nature of the polyglutamic acid used 

Since the poly-ester (VI; RK Me) was so sparingly soluble, the pyridine solution resulting 
from the polymerisation was used directly for the hydrolysis; a potassium salt was precipitated 
on the addition of alcoholic alkali, and further hydrolysis was effected by dilute aqueous 
potassium hydroxide. The isolation, after dialysis, of a silver salt (VI; R = Ag) showed that 
most of the exter groups had been removed. Proteins and peptides are readily racemised by 
alkah (Neuberger, Adv in Protein Chem, 1948, 4, 297) so that it was important to find out 
whether our product was optically pure 

Racemisation might occur at several stages in the synthesis of a polypeptide, and this 
problem has not hitherto been examined. The polypeptide must be hydrolysed to the parent 
amino-acid, and the specific rotation based on the nitrogen content of the hydrolysate. 
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SN eee (Van Slyke) shows 
whether hydrolysis is complete. If the amino-acid is isolated some of the pi-compound may 
be lest and the optical purity over-estimated. 

Complete hydrolysis of polypeptides frequently needs more vigorous conditions than are 
customary for the hydrolysis of proteins (cf. Curtius and Sieber, Ber., 1922, 55, 1543; Frankel, 
Grosfeld, and Katchalski, loc. cit.). Thus we have found that boiling with 20% hydrochloric 
acid for 24 hours sometimes causes complete hydrolysis, but the use of 47°, hydrobromic acid is 
preferable for several polypeptides. 

When the poly-ester (V1; R « Me) was hydrolysed with hydrobromic acid the glutamic 
acid was racemised to the same extent as L-glutamic acid when treated similarly. The same 
degree of racemisation was also observed when the polymerisation was carried out in cooled 
or in boiling pyridine. But after the removal of the ester groups from (VI; K = Me) with 
alkali, hydrolysis with hydrochloric acid (under conditions which did not racemise L-glutamic 
acid itself) gave extensively racemised glutamic acid. It seems clear, then, that there is no 
appreciable loss of optical purity up to the stage of alkaline hydrolysis, but that there is at this 
last stage. This synthesis has also been carried out by Professor E. Y. Spencer (University of 
Saskatchewan) (private communication) who has confirmed our result that the polyglutamic 
acid obtained is extensively racemised; this was measured by estimating the concentration of 
.-glutamic acid in the hydrolysate by the glutamic acid decarboxylase method. 

We next set out to prepare the poly-benzy! ester (VI; K = CH,Ph), so that the ester groups 
could be removed by reduction. Preliminary attempts to prepare it from the poly-methy! ester 
by ester exchange were unsuccessful, and the exchange reaction was no more successful with 
the carbobenzyloxy-ester (IV; R = Me). Frankel and Berger (loc. cif.) have prepared 
&-benzyl] N-carbobenzyloxy-L-aspartate (VIII) by half-hydrolysis of dibenzy! N-carbobenzyloxy- 


CH,Pb-0,C-CHyCH(CO,H)/NH-COYCH,Ph —s CH, Ph-O,C-CH yCH(COy¢CH,Ph)-NH-COYCH,Ph 
(VILL) (IX) 


L-aspartate (IX) with potassium hydroxide in benzyl alcohol. However, dibenzy!l N-carbo- 
benzyloxy-L-glutamate (X) (prepared from the di-silver salt of (IV; R = H) and benzyl bromide} 
with one molecular equivalent of potassium hydroxide in benzyl alcohol gave a mixture of 
products, from which the pure y-ester (IV; R = CH,Ph) could not be isolated. Hydrolysis 
was not selective, since the acid (IV; R = H) could be isolated; some of the y-ester (IV; 
R = CH,Ph) was formed, as shown by formation of y-benzy! «-p-bromophenacy! N-carbo- 
benzyloxy-t-glutamate (XI) on treatment with p-bromophenacy! bromide. Since the crude 


CH,Ph-O,C-(CH,)yCH-00, CH Ph CHyPh-O,C{CH ly GH-COvCHy COC H,Br 


NH-CO,CH,Ph NH-CO,CH,Ph 
(X.) (XI) 


product obtained by the action of alkali on the dibenzyl ester (X) was unsatisfactory for 
cyclisation to the anhydride (V; R = CH,Ph), this synthetic route was abandoned. 

It was then found that y-benzyl .-glutamate (III; K = CH,Ph) could be prepared from 
t-glutamic acid by two methods. The copper complex of glutamic acid was treated with 
benzyl chloride, and the complex of the benzyl ester decomposed with hydrogen sulphide. 
This method of protecting the a-carboxyl (or amino-)group of an a-amino-acid has been used in 
the preparation of derivatives of lysine (Neuberger and Sanger, Biochem. ]., 1943, 37, 515) and 
ornithine (Synge, shid., 1948, 42, 99; Kurtz, J. Biol. Chem., 1949, 180, 1253), but has not 
previously been used for glutamic acid. The second method, which was more satisfactory, was 
direct esterification of glutamic acid with benzyl alcohol which proceeded at room temperature 
in the presence of constant-boiling hydriodic acid. Although concentrated hydrochloric acid 
gave equally good yields, heat was required, as one of the main factors controlling this reaction 
is the solubility of the salt of glutamic acid in the reaction medium. The ester obtained is 
contaminated with about 30% of glutamic acid, but this is readily removed because the benzy! 
ester is sparingly soluble in water and crystallises from a solution containing sufficient sodium 
hydrogen carbonate to combine with the acid. The low solubility of the benzyl ester made it 

ion with denzyl chloroformate at 60°, but at this temperature 
-L-glutamate (IV; RK «= CH,Ph) were obtained, 
N-carboxy-t-glu 


anhydride was ge ig, gee ee a 
es initiator (one Part I); | in this case, however, there is a complication since 
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terminal amino-groups may be lost by the cyclisation (XII) ——> (XIII) which was shown to 
occur by following the disappearance of basic groups in a low polymer (XII; » = 5) in dioxan 


ee “<O wea oo ame Lerten fia 
CH, Ph ~ 


> 


HN——CH<CO—f—-NH NMe-CH,-CO-NMe, 
oc H, { om 
4 OyCH,Ph /« 


CH, 
(X11) 


<n, nl 


solution; there is thus, in this case, a termination reaction in the polymerisation. This 
cyclisation also prevents amino-nitrogen estimations being used to determine the molecular 
weight of the polymer 

The three methods of removing protecting benzyl ester groups (catalytic hydrogenation, 
sodium and liquid ammonia, and phosphonium iodide) have been investigated for the polybenzy! 
ester (VI; RK « CH,Ph). y»-Benzyl glutamate (III; RK = CH,Ph) and N-carbobenzyloxy- 
glutamate ([V; K « CH,Ph) and the anhydride (V; R «— CH,Ph) were readily hydrogenated 
in presence of a palladium charcoal catalyst. Hydrogenation of a specially low polymer (XIII; 
nm = 4) in acetic act? was much slower than that of the simpler benzy! esters mentioned above 
Hydrogenation of the higher polymers was unsuccessful. The difficulty of hydrogenating linear 
high polymers seems to be general, since Frankel, Grosfeld, and Katchaiski (/oc. cit.) could not 
hydrogenate poly(carbobenzyloxylysine). The poly-benzyl ester (VI; R= CH,Ph) was 
reduced by «xtium in liquid ammonia; we have found it advantageous to add ammonium 
iodide (rather than other ammonium salts) at the end of the reduction, since both ammonium 
and sodium iodides, but not the reduction product, are readily soluble in ethanol. Although 
there is normally no loss of optical purity in the reduction of oligopeptides by this method, the 
polygiutamic acid obtained was considerably racemised. Phosphonium iodide has been used 
for the reduction of both poly(carbobenzyloxylysine) (Frankel, Grosfeld, and Katchalski, 
joe. cit) and poly(benzyl aspartate) (Frankel and Berger, Joc. cit). Im the latter case the 
extent of reduction has not yet been reported. When poly-(y-benzy! t-glutamate) (VI; R = 
CH,Ph) was reduced with phosphonium iodide in acetic acid, an acidic product was obtained 
which could be dissolved in aqueous potassium hydrogen carbonate and, after dialysis was 
reprecipitated by acid. The equivalent weight and the mean residue weight of the polymer 
showed that about 90%, of the carbobenzyloxy-groups had been converted into carboxy -groups, 
so that the product has essentially structure (VII). The low solubility of this product in the 
reaction mixture probably prevents complete reduction. The polyglutamic acid obtained by 
this method is not appreciably racemised, for both the poly-acid and the poly-benzyl ester give 
hydrolysates with the same specific rotation 

The low solubility of this synthetic polyglutamic acid in water and aqueous ethanol is in 
striking contrast to the high solubility of the naturally occurring polyglutamic acid. While this 
difference may be partly accounted for by the residual carbobenzyloxy-groups in the synthetx 
material, the main reason is probably that the naturally occurring acid contains both a- and 
y-slutamy! residues (Hanby and Rydon, loc. cit.). Thus the X-ray powder photograph of the 
naturally occurring material shows an almost complete lack of crystallinity 

The structural differences between the natural and the synthetic polymers are discussed in 
detail in the Appendix by Mr. E. J]. Ambrose. The infra-red data show the considerable 
difference between the arrangement of the glutamic acid residues in the two substances 

Despite these differences it was clearly important to prepare poly-p-glutamic acid for 
serological tests. Addition of acrylonitrile to ethyl! acetamidocyanoacetate gave a 90% yield of 
ethy! «-acetamido-zy-dicyanobutyrate CN-(CH,)C(CN)(NHAc)-CO,Et, which was hydrolysed 
by hydrobromic acid to pt-glutamic acid. This method compares favourably with other recent 
syntheses of pt-glutamic acid (Dunn and Rockland, Adv. in Protein Chem, 1047, 3, 205). In 
the acylation with benzy! chloroformate the magnesium oxide used by Bergmann and Zervas 
(Ber, 1932, 65, 1192) could conveniently be replaced by hot aqueous sodium hydroxide. In 
resolution by the method of Fruton, Irving, and Bergmann (/. Biol. Chem., 1940, 138, 703) in 
which N-carbobenzyloxy-t-glutamic acid reacts preferentially with aniline in the presence of 
papain, we found that the troublesome purification of papain was unnecessary. Removal of the 
N-carbobenzyloxy-group by 5n-hydrochloric acid was more convenient on a large scale than the 
hydrogenation procedure described by Fruton, Irving, and Bergmann (loc. c.). p-Glutamic 
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acid was converted into the benzyl ester, and the poly-p-glutamic acid synthesised in the same 
ie ee eee 

When tested by Dr. G. P. Gladstone of the Sir William Dunn School of 
Pathology, Oxford, this poly-p-glutamic acid was found not to have the haptenic activity 
shown by the naturally occurring poly-p-glutamic acid. 


Ethyl e- Acetamido-ay-dic 
(0-3 g.) in ethanol (150 c.c.); the 





amou 
90%), and the m. p. 101—1 recrystallisation 
C, 542; H, 57; N, 101. C,H, i mient, ies; , 68; N, 188%). 
DL-Glutamic Acid.—This adduct (55 g.) was boiled under reflux with hydrobromic acid (d 1-48; 
es Se Se ee and h 


Se See 
pyridine (50 c.c.). rat Whours at 


; collected, 
ether, and TT Ss (yield, 27 g., 75%) (Found : C, 8: H, 61; 
Cale. for C, nt € os: et 6 95%) 


N-Carbobenryloxy-pi-giutame Acid.—pt-Glutamic acid (60 g.) in 4n-sodium hydroxide (208 c.c.) was 

1 chloroformate (84 c.c.) and 4n-sodium hydroxide (120 ¢.c.) were added 

port: uring 20 minutes. The mixture was then at 60°, and was stirred at 50-60" for 

15 minutes, further 4n-sodium hydroxide (25 c.c.) was added, and the mixture stirred for another 

15 minutes. The cooled mixture was extracted with ether, the aqueous layer acidified with concentrated 

hydrochloric acid, and the oil isolated with ethyl acetate. The product (106 g., 93%) crystallised under 
light petroleum and was pure enough for the next stage. 


D-Glutamic Acid Hydrochloride.—Papain (Hopkin and Williams, Ltd.) (22 g.) was extracted with 
water (500 c.c.), and the filtered solution added to N-carbobenzyloxy- Net my acid (152 g.) in 4n- 
sodium hydroxide (135 c.c.). Aniline (104 c.c.), L-cysteine hydrochloride (7 g.) and citrate buffer 
(450 c.c.; pH 5) were added, and the total volume was made up to 2-21. The mixture was set aside at 
40° for 96 hours, the pH being kept at 5 by occasional additions of citric acid, and then filtered to remove 
N-carbobenzyloxy-1-glutamic acid anilide. The filtrate was concentrated to 400 c.c., made acid to 
Congo-red, and extracted with ethyl acetate. Removal of the solvent at 15 mm. gave N -carbobenzyloxy - 
p-glutamic acid as a colourless oil which was hydrolysed by boiling under reflux with a hioric 
acid (220 c.c.) for 2 hours. After cooling, the hydrolysate was extracted with ether to remove 
alcohol, then saturated with hydrogen chloride at 10°. The optically pure p-glutamic acid nydrochloride 
was collected, washed with concentrated h hioric acid, and dried in vacuo; yield, 40 g. (80%); 
(a)? —25-0° (c, 3-445 in ~-hydrochloric acid). 


Reduction of N-Carbobenzyloxy-.- papeets Acid Anhydride (1; R ~ CH,PhO,C).—NCarbo- 
benzyloxy-t-glutamic acid anhydride ( and Mead, Biochem. ]., 1935, 29, 1602) was rec 
from ethyl! acetate—light petroleum 4 oom This material (2 g.) in purified ry acid (30 c.c.) was 
reduced in a stream of es in the presence of 10%, palladised charcoal (0-5 The evolution of 
carbon dioxide had ceased after 14 hours, and after 3 hours the mixture was and the filtrate 
evaporated. The residue was dissolved in water and . wo aery he opyrraiidi the oi] crystallised on 
storage, and was extracted with ethyl acetate (Soxhlet 7 ine-5-carboxylic acid (II) 
(0-45 g.), m. p. and mixed m. p. with an authentic ie? Pe ~11-8° (c, 1-336 in water) 
(Found: equiv., 127. Cale C,H,O,N wiv, ‘ The acid was also obtained when ethy! 
acetate or dioxan was used as solvent for the ae ly 


y-Ethyl .-Glutamate (IIL; KR = Et).—1+-Glutamic acid (10 g.) was added to ethanol (100 c.c.) 
containing hydrogen chloride (2-73 g.), and the ——n for 3 days Po a (8 c.c.) was added 
and the ester o ted and washed with ethanol ( rr) YP na isation from 
moist ethanol gave 6-3 g.. m. p. 194° ( Zervas, 2 physi Chem 1983, . 51, give m. p. 
194°). Consistent yields could not be i the py dn of Bergmann and Zervas (loc. cil.), 
Abderhakien and Nienburg (Z. physiol. Chem., 1933, 219, 155), or Nienburg (Ber., 1935, 68, 2232) 

y- Ethyl N-Carbobencyloxy-.-glutamate (IV; R « Et).—The following modification of Abderhalden 
and Nienburg’s method (loc. cit.) was preferred. 1 chloroformate (4 c.c.) was added to y-ethy! 
glutamate (4 g.) in water (@ c.c.) containing sodium hydrogen carbonate (4 g.). The mixture was 
stirred at 0° to —5° for 3 hours, then at room ee ene for 2 hours, and extracted with ether, and the 
aqueous layer acidified. The product was isolated with ether and after two recrystallisations from 
carbon tetrachloride had m. p. 87° (4-7 g.) (Found: C, 568-2; H, 63; N, 48. Cale. for C,,.H,O.N 
C, 58-2; H, 62; N, 45%). 


Ethyl N-Carboxy-t-glutamate Anhydride (V; RK = Et).— J mec yey - (3-75 g.) was 
added to y-ethyl N. (108 o )at 0°. After 1 hour, 
hour. The ether led off, and the residue 


from eee tetrachloride. The 
a0 m. p. 71-72" (2-4 g., 70%) (Found: N, 7-1; OEt, 21-7 





anhydride crystallised 
C,H,,O,N requires N, 70; OBt, 22 


Polymenisathion Po ae Pape mee Anhydride. —The anh (2-4 ¢.) i pyrid 
(10 c.c.) was set Sis comcin onl viscous solution treated ve to rl hrm 
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hydroxide (15c.c.}. After 2 hours the solid was collected, and washed with ethanol andether. Analysis 
indicated that two-thirds of the ester had been removed (Found: N, 3; OEt, @1; K, 16-7. 
Cale. for Cyl ON, K,: N, 855; Ot, @2; K, 15-90%). 

ae t-Giutamate (111; K « Me).—-+-Glatamic acid (365 g.) was added to a cooled solution 
prepared by mety chloride (20 <.c.) to methanol (250 c.c.), the mixture shaken vigorously for 
a few minutes until most of the solid bad dissolved, and then set aside for 20 hours. Pyridine (25 c.c.) 
was added ; after 48 hours at - ety or the methy! ester was collected and washed with ethanol 
and ether; it (17-22 g.) had m. p. 182° (decomp.). ws ee 70% methanol gave 
colourless leaflets, m. p. unchanged Sround C, 443; H, 66; N, &4. C,H,.ON requires C, 44-7 
H, 68; N,& 7%). It is ummecessary for further work to recrystallise the ester if it contains less than 
i% of free glutamic acid, as shown by alkali titration with bromothymol-bive as indicator 


y- Methy! ON ems ngs eye (IV; R « Me).»Methyl t-glutamate (26-7 g.) in water 
(360 ¢ ¢ } comtatning sodium hydrogen carbonate (20-2 g ) was stirred at O—5*° while benzyl! chioroformate 
(30 ¢.c.) was added dering 15 minutes. The mixture was stirred at this ee for 1) hours, and 
then stirred for a further 2 howrs while warming to room temperature. solution was extracted 
twice with ether and acidified, and the oi! isolated with ethyl acetate. The carbobenrylory-com i 
crystallised on trituration under light petroleum, and, recrystallised from carbon tetrac hlonde, len > 
72-13" (40 ¢) (Pound C, 565; H, 50; N50. C,.H,,O.N requires C, 56-9; H, 5-8; N, 47%) 
This compound had zero rotation in ethyl acetate solution, but in 1-4n-potassium hydrogen carbonate 
solution (c, 7.456) had (af? —15-3°. The e-p-bromophenacyl ester, recrystallised from aqueous ethanol, 
had m 114-116" (Found: C, 53-4; H, 47; OMe, 65. C,,H,,O,NBr requires C, 53-7; H, 45; 
OMe, 63%) 


y Methyl N-Carbory--giutamate Anhydride (Vs RK « Me).—Phosphorus pentachloride (15-3 g.) was 
added to the N-carbobenz -. eater (19-7 g.) in dry ether (350 c.c.) and after 1} hours the mixture was 
refluxed for 1} hours. ether was distilled off and the residue triturated — heme petroleum 
After two recrystallisations from ethyl acetate the anhydride (7-5 ory R 99-100 
(decomp.) [a)ff — 240° (¢, 7-57 in ethyl! acetate) (Found: C, 46-1; H, 50; 76. C, “Hy aN requires 
C, 449, HL 40; N, 75% 


Polymerisation of y-Methyl N-Carbory-t-glutamate Anhydride — The anhydride () g.) was added to 


pyridine (5 c.c.) and the solution kept for 24 days. The ‘eo M46 K = Me) was precipitated with 
ether and dried at 80° (Found: C, 49-3, 49-5; H, 62,625. C,H,ON requires C, Py , 63%). It 


5 ay soluble in most solvents, but dissolved in dichloroacetic ‘acid and in concentrated sulphuric 

A portion of the ymer was boiled with constant-boiling hydrobromic acid (7-5 c.) for 24 hours, 
and the cooled, filtered solution made up to 15 c.c. with water. The rotation of this solution was 
determined, and on the ae © that a Kjeldahl! ee oe estimation gives the glutamic acid 
concentration, gave (eff + 25-4 rotation of pure t oe 


acid in constant boiling hydro- 
bromic acid diluted with an equal dae of water was (a)? 2° (c, 2-99). For comparison a solution 
of L-glutamic acid was heated with hydrobromic acid under the same conditions: the rotation was 
af +200". The anhydride was also polymerised in pyridine at — 10°, and the polymer hydrolysed ; 
af was +25-6°, similarly, when polymerisation was conducted in boiling pyridine the rotation was the 
same: [al +25-5° 


The solution obtained by decomposing the anhydride (1 g.) with pyridine (5 c.c.) for 2) days was 
treated with 0-85n-ethanolic potassium hydroxide (Sc.c.). After 3 hours the precipitated potassium 
salt was collected and dissolved in water (6 ¢.c.), and the filtered solution treated with 0-04n-aqueous 
potassium hydroxide (25¢.¢.). A portion of this solution was dialysed for 4 days and then converted 
into the silver salt (VI; RK « Ag) (Found: Ag, 40-7; N, 58; OMe, 035. C,H,O,NAg requires Ag, 
45-8; N. 59, OMe, 0%). The rest of the solution was hydrolysed by boiling it with an equa! volume of 
concentrated hydrochloric acid for 24 hours. the rotation of the glutamic acid was [aff +170 For 
comparison t-glutamic acid, boiled with 6x-hydrochloric acid for 24 hours, was found to have ‘a Y 

‘wo 


Dabenryl N-Carbobenrviory-t-giutamate (X).— N-Carbobenzyloxy-t-glutamic acid (28 g.) in N-sedium 
hydroxide (200 «.c.) was added to silver nitrate (34 ¢.) in water (150 c¢.c.). The silver salt was collected, 
washed with water, dried, and finely powdered; the yiekt was 46 g. (93%). This silver salt (40-5 ¢.), 
benzy! bromide (21 ¢.c.}, and dry ether (350 ¢.c.) were boiled under reflux with stirring for 24 hours. The 
mixture was filtered, and the Giltrate concentrated to low bulk and diluted with light petroleum. The 
dsbeuryl ester (22 g.) had m. p. 67-69". Purther dilution of the mother-liquors with light petroleum 
gave impure material, which was extracted with aqueous sodium carbonate, and the residue was dissolved 
mether. Dilution of the dried ethereal solution with light petroleum gave further ester (4¢.). Purther 
reorystallisation from ether-light petroleum raised the m. p. to 71-73" (Found: C, 69-9; H, 58; 
N32. C,,H,,O.N requires C, 70-3; H, 586; N, 30%) 


Hydrolysis of Dibenzyl N -Carbobenzylory-t-giutamate — Water (4-5 c.c.) and benzy! alcohol (300 ¢.c.) 
were added to potassium hydroxide (16 ¢ this solution was 0-78~. The dibenzy! ester (23-057 g.) was 
added to this solution (64:1 ¢ c.) and the whole kept overnight. After dilution with 5 volumes of ether 
the solution was extracted thrice with water, and the aqueous solution extracted with ether and acidified 
The ot) was isolated with ether, and thoroughly dred by adding carbon tetrachloride and distilling off 
the solvent. the yield was 15-8 ¢. (85%). The pure y-benzy! ester could not be isolated, but esterification 
with p-bromophenacy! bromide gave y-benry! « omophenacyl N-carbobenrylozy-L-giutamate (X1), 
which, a crystallisation from aqueous methanol, melted at 107-—109° (Pound: C, 58-75; H, 4-46; 
N, 25. C,,H,.O.N Br requires C, 60-2; H, 46; N, 2.5%) 


y Benzyl L-Glutamate (111; Ro & CH,Ph).—(e) .-Glutamic acid (150 g.) was added to benzyl alcohol 
(1 1) containing periéed constent-Dailing hydriedic acid (250 c.c.), and the mixture kept overnight and 
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copper carbonate (55 g.) in water 220 c.c. 
unas aeolenie 


mixture 

washed with water, and dried ( , 106 

(120 c.c.) and saturated with 
tralised ; the y-benzy! 
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(c, 5-68 in acetic acid). 

Reduction of y-Benzyi item "is 
hydrogenated at one atmosphere in presence 
bedsegen wes abeorbed the snbetion wen Alansed and ovaperated to 
acid washed with ether. In 6n-h acid this product 
N (Kjeldahl), @45. Cale. for C, aN : N, 056%). 


Acid Reco of yPmet L-Glutamate. 
boiling hb ic acid (10 c.c.) in an 
with benzene (to remove benzy! alcohol) and 


in a 4-dm. tube and the solution 


= 
3 


lh 


the solvent i { 
ay The (19-8 g.) crystallised in colourless needles, m 
* (Found: C, 646; H, 56; N, 3-9. pe ees Ses H, 57; ag hm 
pegged aw rotation in ethy! acetate, IG ee hydrogen carbonate (c, ~ AW. 
Pr 


la 23°. y»-Benzy! N-carbobenzyloxy-p-glutamate + 24° (c, 5-34 in y-potassiom hb 
car te). 


until most of the solid had 


y-Benzryl N-Carboxy-t-glutamate Anhydride (V; R @ ).—Powdered phosphorus 
(23-5 g.) was added to a cooled solution of y-benzy] N-carbobenzyloxy-1-glutamate (35 g.) in dry ether 
(200 c.c.), and the mixture shaken v had disappeared, and t decanted 
After 30 minutes at 0° the anhydride was c , washed with dry ether and recrystallised twice from 


carbon tetrachloride containing 5% of ethyl acetate Sen pee giving colourless eon i ¢ \, m "2: 
96 97° (sealed Cpe decomp). {aP - “e 4 (c, 3-78 in ethy! acetate) (Found 
N, 55. CyHyO,N requires C 49; N, 5-3%). 

Polymerisation y 8 a wen =! N-Carboxy-s L glutamate —— Dioxan.—This experiment was carried 
out to investigate the loss of terminal rene hey» the poly a L- “glutamate). —— 
N-carboxy--glutamate anhydride (1-2 g.) was to a 0-0845n-solu 
pure dioxan io c.c.). Carbon dioxide evolution after # a wots (1 c.c.) ‘were then 
withdrawn at intervals, diluted with d (40 c.c.), and titrated with 0-0ln-hydrochloric acid with 
2-p-benzylideneaminophenyiquinoline (Waley and Watson, Proc. Roy. Soc., A. 1949, 199, 499) as 
indicator. The following results show that nearly all the amino-groups disappear in several days. 


Time, hours ..........-... 23 21-25 42-75 68:16 91-16 100 
0-01n-HCl, c.c.. 7-70 400 320 1-05 1-30 0-80 


Poly-(y-benzyl L-Glutamate) (V1; ~~ CH,Ph).—The anh (13-7 g.) was added tu a 0-0085n- 

solution of sarcosine dimethylamide a yy (35 c.c.). After 5 days at 30° the polymer was 

precipitated with light petroleum, collected, and washed with acetone. As thus obtained, in nearly 

quantitative yield, it was a colourless, amorphous solid, very soluble in chloroform. readily soluble in 

or pyridine, and slight! soluble in hot acetic acid. A 5% solution in “ Analak " chloroform had 

a specific viscosity of 9-33 at 25° (we are indebted to Dr. B. A. Toms for this measurement) and (a)ff + 14° 
(c, 0-954 in chloroform). 


baling hyde of Poly- eG tent o-Ghtemet. A, tp An mp (0-5596 g.) in constant- 
iling hydrobromic acid (10 c.c.) was boiled under reflux in an atmosphere of nit: for 6 hours, and 
the diluted with water, extracted 

















Hanby, Waley, and Watson : 


paane Sptergnaint Se So amen et SE, patent Gasca 6 6) 
was complete, the mixture was hitered and ~ a 
(0 g.) was 


| the value, calculated for complete reduction of (XLII; # « 4), is 190, 


Reduction Poly (y-benzy!l .-Giutamate) with Sodium in Liquid Ammoma—The poly(benzy! ester) 
(13-4 @) was in the reduction vessel; liquid ammonia (ca. 60 c.c.) was 
, the mixture cooled to —75", and sodium (0-6 g.) added in 

(3 ¢.) was added, and the ammonia allowed to 

until free from halide ion, and dried mm 





¢ gg re gg Fe + A By H, 47; N, #5. 
cH oO, Na requires (. N, 03%). A = tr converted into the sparingly soluble 
silver tait (Foced C3015, 33: N. 6%" Ag doe O,NAg requires C, 25-4; H. 25; N, 
59, Ag. 46-85%). Another portion of the sodium salt was a in to glutamic acid by boiling with 
constant- -boiling bydrobromic acid (7-5 ¢.c.) for 16 hours; the solution, made up to 15 c.c. with water, 
had « +6-86"° (/ = 2dm.; 262 mg. of Nic.c.), giving «oF +150 _After L-ghutamic acid had been 
boiled with hydrobromic acid im the same manner, it had a]? +263 


Reduction of Poty-(y-benzyl t Girt fe) unth Phosph lodide.—-The poly(benzy! ester) (1:3 ¢.) 
was powdered and suspended in pare acetic acid (100 c.c ) at 60°. hydrogen was bubbled through the 
mixture, and re-sublimed phosphoniam podide (2 £) added during 2 hours. The solution became clear, 
but | hour later a gelatinous PR oe formed. Ethanol (10 ¢.c.) was added, the solvents were distilled 
off, then further ethanol (100 c.c.) was added, and the solvents were distilled again. The residue was 
collected, washed with ether, dissolved in ethanol (20 c.c.), and reprecipitated by ether (200c.c.). This 
yellow material (0-58 ¢ ) was dissolved in 6-6n-potassium hydrogen car te (8-5 c.c.), and the solution 
dialysed against distilled water for 2 hours and acidified with dilute hydrochloric acid. The gelatinous 
precipitate was gently warmed to coagulate it, and then collected, washed with water, dried in 
vacuo, giving 0-46 g of a colourless solid (Found CC, 49-2 ns 57 N09 Cale ye ge me | 
one carbobensyluxy-group per seven free carboxy! grou 469; H, 55; N, 103%). This purified 
matertal is very ingly soluble in water, ethanol, ch aeons acetic acid, m -cresol, “er dichloroaceti 
acid, but ts readily soluble in aq xt hydrogen carbonate or in dimethyliormamide. The 
equivalent weight 4 the polymer was determined by dissolution in excess of 0-1N-sodium hydroxide and 
hack-titration witl. @In-hydrochipric acid (Found 160, 162). The titration solutions were analysed 
for nitrogen (Kjeldah!) and the mean residue weight thus determined (Found 140, 140). The 
calculated values for a polymer which contains one remaining carbobenryloxy-group to seven free carboxy! 
groupe are equiv. 160, mean residue wt., 140 


The purified reduction product (02575 g.) was hydrolysed to glutamic acid by boiling hydrobromi 
acid (10 c.c.) during 6 hours; the solution, made up to 25 ¢.c., had « +1-12° (J = 4dm.; Kjeldah! N, 








1-02 mg fc.c.; van Slyke-N, 1-03 mg. /c.c.), giving [ef + 260° 


Arrpenpix, By E. J. Amprose 


The Structures of Synthetic and Natural Polyglutamic Acids compared by Means of Infra-red 
Spectroscopy —A comparison of the physical properties of the synthetic polyglutamic acid 
described above with those of the material which forms the capsular substance of B. anthracis is 
of interest since these two substances provide an almost direct link between a synthetic and a 
naturally occurring polypeptide 

Fig. 1 shows the infra-red spectra of these two materials in the spectral region 1000-——~ 
1500 cm~'. The natural material 1(6) was a sample “ H. 230 B” prepared as described by 
Hanby and Rydon (Biochem. ]., 1946, 40, 297). Both polymers are soluble in dimethy! 
formamide and the films were cast from this solvent. The spectral region shown in Fig. 1 is 
considered to give absorption bands which are characteristic of polypeptide side chains (Astbury, 
Dalgliesh, Darmon, and Sutherland, Nature, 1948, 162, 596). In the two spectra, identical or 
almost identical absorption bands appear, either as shoulders or as distinct bands, but the over- 
al) contours of the spectra are not the same, indicating that although similar the structures are 
not identical, The most noticeable difference appears to lie in the presence of a strong 
absorption band at 1230 cm.-' (shown by an arrow) in the spectrum of the natural material 
which is not present in that of the synthetic material 

Fig. 2 gives the spectra obtained with oriented films by using polarised infra-red radiation, 
im the region 1500-1800 cm~'. The band appearing at 1658 cm.~' in the synthetic and at 
1655 cm.~' in the natural material is due toa stretching mode of the C—O group in the -CO-NH- 
peptide linkage. The band at 1550 cm.“ is due to a deformation mode of the N-H group of this 
linkage. There is a change in absorption on passing from the parallel to the perpendicular 
position of the electric vector relative to the chain axis, as shown by the broken and full line 
curves of Fig. 2. The twpe of dichroism observed is the same as that already described in the 
polygiutamic methy! and benzyl! esters (Ambrose and Hanby, Nature, 1949, 163, 483; Elliott, 
and Ambros:, communicated to Nature). It has been identified with a folded configuration of 
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the polypeptide chain, in which the folds are produced by intramolecular hydrogen bonds 
between CO and NH groups. In this note the folded form is not referred to as the 2-form, in order 
to avoid confusion with the « used to describe a-linked polypeptides. In the §- or extended 
form the opposite kind of dichroism is observed in both CO and NH bands. Frequency shifts 


are also observed when folded synthetic polypeptides pass from the folded to the extended 
Fic. 1 
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(a) Synthetic polyglutamic acid. (b) “ H. 230 B.” 
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(a) Synthetic polyglutamic acid. (b) “ H. 230 8B." 


form. The characteristic CO and NH bands of the folded form are at about 1660 and 1550 cm.~' 
respectively. In the extended form they are at about 1630 and 1520 cm.~'. 

Although both materials give curves (Fig. 2) which indicate that they are in the folded 
configuration, the dichroism in the spectra of the natural material! is considerably less and there 
is a pronounced broadening of the CO band on the low-frequency side. This broadening indicates 
the presence of a considerable proportion of the extended form, which gives a band at 1630 cm -* 
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This band can also be seen in the spectrum of the synthetic material in the full-line curve but it 
is much weaker than in the natural material. 
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Suggested structure for synthetic polyglutamic acid. 
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Suggested structure for “ H. 230 BB.” 


The band at 1720 cm.~* in the synthetic, and at 1738 cm.~' in the natural, material is due 
to the C—O stretching mode of the carboxyl groups of the side chains. In both materials it 
shows dichrowwm, which indicates that these CO groups point in a direction predominantly 
along the chain axis, an effect that is not observed in the polyglutamic esters 

The general conclusions which can be drawn from the spectra are as follows. The synthetic 
material, when cast from dimethylformamide is almost completely in the folded configuration 
The natural material, when prepared from the same solvent, contains considerable proportions 
of both the folded and the extended configuration 

This result is consistent with the fact that the synthetic material is a completely «-linked 
polypeptide (see above) whereas Hanby and Rydon (Biochem. J., 1946, 40, 297) have shown 
that the natural products contain a proportion of y-linked polypeptide chains. The probability 
of intramolecular ring formation through hydrogen bonds becomes correspondingly less as the 
size of the rings ts increased. In the y-linked polypeptide the size of the rings is increased by 
the presence of two CH, groups intervening between hydrogen-bonding CO and NH groups 
For example, Nylon 66, which contains hydrocarbon chains in the main polyamide chain, is 
thought to exist only in the extended form. 

The above conclusions are supported by observations of the rheological properties of 
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solutions of the two polymers in dimethylformamide. A synthetic polypeptide, 4 Amey 
streaming 


streaming 
that in the natural material the presence of the extended form causes frequent cross-linking 
between chains by means of hydrogen bonds and an anastomosis will be present. It is only in 
the folded form that the chains are completely intramolecularly hydrogen-bonded and able to 
slide past one another in such a way as to show streaming birefringence. 

The -CO,H groups attached to the side chains of both polymers will, in the most stable 
state, satisfy all their hydrogen-bonding attractions. lu crystals of straight-chain carboxylic acids 


this is effected by forming chelate rings of the type —C<”" Mh “OS0— (e.g., in adipic acid, 
as shown by MacGillavry, Rec. Trav. chim., 1941, 60, 605). The spectra of the polypeptides are 
consistent with the existence of this ring structure because there is no sharp O-~H stretching 
frequency. It also appears that rings of this kind provide the only structure which can give 
sufficient rigidity to the carboxy! groups to account for the dichroism shown by the C—O bond 

The annexed formula represent possible structures for the synthetic and the natural 
polyglutamic acid consistent with the infra-red observations. Where y-links occur in the 
natural material an extended chair is present and intermolecular hydrogen bonds occur between 
molecules in a direction perpendicular to the plane of the paper. In both structures the carbe ty! 
chelate rings are preserved in a tilted position with respect to the chain axis in order to account 
for the dichroism of the C—O bond. The-y-links in the natural material seem to be very effective 
in destroying regularity of structure and consequent crystallinity. Not only do they put side 
chains of neighbouring chains out of step, but they also produce variations in the length of the 
side chains and therefore in the side-chain spacing. These factors can account for the differences 
in solubility of the natural and synthetic polymers. 


Researce Laporatory, Messxs. Courtautps, Lrp., 
MaipenneaD, Berks. Received, June 28th, 1950.) 





633. Theoretical Investigation of Reactivities of Conjugated Bonds. 
By R. D. Brown. 


The relative reactivities of aromatic hydrocarbons with bond reagents such as osmium 
tetroxide and ozone are investigated by localisation theory. Theoretical results for all 
aromatic hydrocarbons containing up to five rings are nted. It is shown that quantities 
termed “ bond localisation energies " may be employed to derive reaction-rate constants with 
unexpected precision. The consequences of this precision and the mechanism of bond reactions 
are discussed. 


Tue relative reactivities of hydrocarbons towards reagents such as osmium tetroxide, ozone, 
and diazoacetic ester have usually been considered as characterising the mobile orders of the 
bonds attacked (Badger, ]., 1949, 456; J. Proc. Roy. Aust. Chem. Inst., 1950, 17, 14). Ina 
discussion of the ozonolysis of naphthalene, Kooyman and Ketelaar (Rec. Trav. chim., 1946, 
65, 859) used experimental resonance energies to calculate the energy required to convert a 
conjugated bond into a double bond. The latter energy has been termed the “ bond localisation 
energy “ by the author, who showed that it was closely related to bond order when both 
quantities are calculated by the molecular-orbital method (Aust. J. Sci. Res., A, 1949, 2, 564). 
In the present paper complete tabulations of bond localisation energies, calculated by the 
LCAO approximation and denoted by B or B’ according as overlap is neglected or included (for 
nomenclature see Brown, Trans. Faraday Soc., 1950, 46, 146), are given for all aromatic hydro- 
carbons containing five or less rings. In addition, a more complete correlation with chemical 
properties will be given. 

Method of Calculation.—The bond localisation energy, B, is defined as the difference in 
resonance energy of the original molecule, R, and of the molecule left after removal of the atoms 
at each end of the bond under consideration, R, The latter molecule (or molecules) is termed 
the residual molecule and it is easy to show that the quantity B so defined is the energy required 
to convert the bond into a double bond (Brown, ioc. cit., 1949). Hence, B= R—R, The 
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problem is then to calculate Rand R, The various methods of obtaining these by the LCAO 
approximation have been summarised by Brown (loc. cif.); the extension to larger conjugated 
systems has been facilitated by the discovery of an empirical method of deducing the resonance 
energy from the resonance energies of two smaller systems (Brown, Trans. Faraday Soc., in the 
press). The resonance energies of many of the residual molecules have been estimated by 
using some empirical relationships for deriving conjugation energies (idem, loc. cit., 1949; 
further results in course of publication). The resultant bond localisation energies are listed in 
the tables. The values of B’ have been converted into kcals./mole by using the conversion 
factor y = —33°6 keals 

Mechaniom of Bond Reactions —These reactions are characterised by the property that 
reaction occurs very readily with ethylenic bonds, saturated compounds do not enter into 
teaction, and aromatic bonds are of intermediate reactivity. It seems likely that these 
reactions may be regarded as additions to a particular bond, the hydrocarbon being required to 
furnish two of its s-electrons to form two new o-bonds between the reagent and the hydro- 
carbon. in the activated complex the presence of incipient o-bonds will require at least partial 
localisation of two of the r-electrons in the bond being attacked, and these partial e-bonds wil! 
be so long that delocalisation of electrons from the attacking reagent over the conjugated 
system of the hydrocarbon will be precluded even if they possess the requisite symmetry 
properties 

It is now reasonable to assume that the variable portion of both the energy of activation and 
the heat of reaction will be due mainly to the varying ease with which the two r-electrons 
mentioned alkrve can be partly or wholly localised in the bond being attacked The energy 
required to achieve complete localisation is just the bond localisation energy, and the assumption 
will be made that the LCAO approximation to this energy is representative of the relative 
energies of activation as well as of heats of reaction. It remains to assume constancy of entropy 
of activation and of reaction (this will generally mean that the most stable products are most 
rapidly formed), these assumptions being implicit in the qualitative electronic theory widely 
employed in current organic literature, and being necessary in the present localisation theory 
in the absence of more detailed information 

(mn these assumptions it is easy, given the bond-localisation energy, to compute rates of 
reaction of various hydrocarbons relative to, say, phenanthrene, just as has been done elsewhere 


(Brown, ]., 1950, 691) when discussing the Diels-Alder reaction. In Table I the relative 
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reactivity of the bond under consideration compared with the 9: 10-bond of phenanthrene is 
listed as &,, the values applying to room temperature (i.¢., RT — 06 keal.). Thus, expressing 


B’ in units of —y, we have 
hy = exp(56(0°484 — B’)) 


The experimental rate of reaction of course corresponds to the sum of the A, over all bonds, the 

summation being simplified owing to the very great spread of values of &, for the various bonds 

of a given molecule (many bonds are not considered in the Tables because it is clear qualitatively 

that the corresponding residual molecules are so unstable that k, would be insignificantly small). 
oY 
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In Table 11, which lists the hydrocarbons in order of predicted reactivity, these summations are 

phenanthrene in the column headed Ls, In almost every 

for the most reactive bond is due to the latter's being 

symmetry. The number of equivalent bonds of 

highest A, value is also listed in the column of Table II headed “ Stat. factor” (statistical 
factor). 

Discussion of Results.—Considering, first, the smailer hydrocarbons, it will be noticed that 
for naphthalene the most reactive bond 1s predicted (Table 11) to be the a$-bond, and comparison 
with the value of A, for a benzene bond indicates that naphthalene will be more reactive than 
the latter in bond reactions (bond-localisation energies for bonds of naphthalene other than the 
af-bond are given by Brown, loc. cit., 1949). This is confirmed by the observation that 
naphthalene reacts with osmium tetroxide in concentrated solution whereas benzene is 
unreactive (Badger, loc. cit., 1950). Addition to the a$-bond of naphthalene leaves styrene as 
the residual molecule, which explains the observed formation of a di-adduct (Badger, Joc. cit.) 
as due to the very small bond localisation energy of the styrene a$-bond (Brown, Joc. cit.). 

experiments confirm the superior reactivity of the «$-bond in naphthalene (Wibaut 
and van Dijk, Rec. Trav. chim., 1946, 65, 413; Kooyman, ibid., 1947, 66, 201). 

The bond localisation energies indicate that anthracene similarly will be more reactive than 
benzene and naphthalene. Addition to the | : 2-bond leaves §-vinylnaphthalene, the exocyclic 
bond of which has a very low bond localisation energy, so that di-addition is to be 
expected. This again agrees with the formation of a di-adduct with osmium tetroxide found 

eer, (Badger, lec. cit.). 

bond localisation energy of the 9: 10-bond of phenanthrene is considerably smalier than 
any ro the values for the preceding three hydrocarbons, this being confirmed experimentally 
by the osmium tetroxide reaction, which proceeds more readily than for the above compounds, 
attack occurring at the 9; 10-bond (Cook and Schoental, J., 1948, 170; Nature, 1948, 161, 237; 
Badger and Reed, idid., p. 238). The superior reactivity of the 9 : 10-bond is also demonstrated 
by its reaction with diazoacetic ester (Drake and Sweeney, ]. Org. Chem., 1946, 11, 67), and 
probably by ozonolysis experiments (Harries and Weiss, Annalen, 1905, 348, 369). 
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Idealised relative reaction rates of hydrocarbons. 
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Taste Ill 
Predicted and observed rate comstants for addition of osmium tetroxide. 





In the case of the former compound the i 
ond Ghie han tan chanevath Sur Che senadion sale aumbem: teteiaie Cheats enh Gieetatell 
e4.); no investigation has been made for benzphenanthrene. 
The l: 2-bond of pyrene should also be very reactive, as judged by its & 


because it contains the phenanthrene system of bonds. 

quantities of hydrocarbon and tetroxide, so this point 

experimentally {phenanthrene is less reactive than pyrene (Table I1) so the second stage would 
take place more slowly than the first, in contrast to naphthalene and anthracene). 


double attack occurs in the reaction of pyrene with ozone (Vollmann, Becker, Corell, and Streeck, 
Annalen, 1937, 531, 1). 


carbons considered above with the exception of benzene. 
naphthalene, as judged from its 4, value, that it could not be expected to react with osmium 
tetroxide at all. The 1 : 2-bond is presumably the more reactive, and it may prove possible to 
demonstrate this by ozonolysis experiments. 

We now consider the pentacyclic hydrocarbons which have been investigated experimentally. 


Complete theoretical data for a]! pentacyclic hydrocarbons (apart from perylene, see below) are 
given in Table I(c). 


The reactivity of 1 : 2-5 ; 6-dib th 
as judged from the respective values of LA,. 
for the osmium tetroxide addition (Badger, J., 1949, 456), attack being presumably at the 
3: 4-bond. 

5: 6-Benzchrysene (1; 2-5 : 6-dib 











As a final crucial test of the present calculations (and their implied mechanism for bond 
reactions, as discussed above), the predicted relative rates may be compared with some directly 
measured rates for the bimolecular reaction of osmium tetroxide with the hydrocarbons in 
chloroform containing pyridine at 20° (RT — 0°583 kcal.). For these particular results it is 
more convenient to report values of Ay, i.¢., the rates relative to benzanthracene, and for 20° 
The results are shown in Table III, which includes the relative value for phenanthrene reported 
by Badger and Reed (loc. cit). The agreement is astonishingly good, particularly in view 
of the simplifying assumptions mentioned above. This means that it is likely that two of the 
w-electrons are very strongly localised in the activated complex and that the entropy of 
activation stays sensibly constant, the only portion of the heat of activation varying appreciably 
from hydrocarbon to hydrocarbon being calculable in good approximation by the LCAO method 

It remains to consider the hydrocarbon perylene. The residual! molecules from localisation 
of the 1: 2- or the 2: 3-bonds are both methylene derivatives of benzanthrene and would be 
expected to be unstable, so that neither bond will be very reactive. In view of this the rather 

secular determinants for these two residual molecules have not been reduced to 
determine the resonance energies directly, but the following superficial discussion serves to 
indicate the relative bond reactivities of perylene. The residual molecule (1) for the 2 : 3-bond 
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will be more stable than that for the |: 2-bond (11) because six Kekulé-type structures can be 
written for the former and only three for the latter, this is borne out by the experimental fact 


S i 
r~AA AA wa 
J 4 f 


1) 
' fi fl » 
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that the benzanthrone corresponding to the former is quite stable and readily prepared while 
the benzanthrone corresponding to (II) is unknown (" Elsevier's Encyclopaedia of Organic 
Chemistry,” Vol. 14, pp. 450-471). Thus the 2: 3-bond will be the more reactive. This, of 
course, could also have been deduced from the mobile bond orders (Baldock, Berthier, and 
Pullman, Compt. rend, 1049, 228, 931). From the mobile order of the 2: 3-bond and the 
empirical relationship with B’ (Brown, joc. cit., 1949) the value of B’ for the bond may be deduced 
to be —O Gy. This places perylene in the class of hydrocarbons less reactive than naphthalene, 
1¢., it is not likely to react with osmium tetroxide even under the forcing conditions employed 
for reaction with naphthalene. The lack of bond reactivity is also illustrated by the fact that 
attempts to prepare an oquinone have not proved successful (Clar, “ Aromatische 
Kohlenwasserstotie,” p. 230). This is likely only when there is no particularly reactive bond in 
the molecule (the stability, and so, frequently, the case of formation, can be shown to be closely 
related to bond localisation energy in the case of o-quinones (Brown, tn course of publication)) 
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634. Some 4-(Dialkylaminoalkylamino)-3-phenylquinolines. 


By (Mes) W. J. Apams and D. H. Hey 


A series of 4-bydroxy-3-phenyiquinolines has been prepared by the reaction of an aromatx 
amine with ethyl! formylphenylacetate and subsequent cyclisation of the resulting ethy! B-ary! 
amino-e-phenylacrylate. The nature of the by-products formed in these reactions, and the 
experimental conditions necessary for optimum yields were investigated. The 4-hydroxy-3- 
phenyliquinelines were converted into the 4-chloro-3-phenyiquinolines and thence into 
4-(dialkylaminoalkylamino)-3 phenyiquinolines, which were isolated and characterised as 
dipicrates 


IN numerous previous communications on synthetic antimalana!l compounds considerable 
attention has been devoted to the preparation of p-chioroanilino-(dialkylaminoalkylamino)- 
quinolines. It appeared to be of interest to survey a series of compounds in which the 
pP-substituted anilino-group was replaced by a phenyl or a substituted pheny! group, because 
such a study should throw light on the significance of the -NH- group interposed between the 
two nuclei, and in addition such compounds could be regarded as “ open models" of the 
mepacrine molecule (1 Gilman and his co-workers (Gilman and Spatz, ]. Amer. Chem. Soc., 
1944, 66, 621. Gilman, Christian, and Spatz, ibid, 1946, 68, 979; Gilman, Towle, and Spatz, 
shed, 1046, 68. 2017. Gilman and Benkeser, sid, 1947, 69, 123) have prepared a series of 
denvatives of 2-phenyiquinoline In such compounds one of the fused rings of the 
mepacrine molecule is replaced by a substituted phenyl group at the 2-position, as in (II). 


NH-CHMe CH, NEt, NHK NHR 
ot 
= @ OO" | 
: ngs 
a Tr il 


The preparation of a series of compounds similarly derived by replacement of one of the fused 
rings by a phenyl! group at the 3-position in the quinoline nucleus as in (111) is now described 
Some compounds of this type have been prepared previously and have been shown to possess 
some antimalarial activity Andersag, Breitner, and Jung (G.P. 683,692) prepared 7-chloro 
and 5 7-dichloro-4-(4-diethylamino-!-methylbutylamino})-3-phenylquinoline and 7-chloro-4- 
2-hethylaminoethylamino)-3-phenylquinoline by treatment of the appropriate 4-amino-3- 
pheny iquineline with the dialkylaminoalky! halide. Drake, Creech, Garman, Haywood, Peck, 
Van Hook, and Walton (J. Amer. Chem. Soc, 1946, 68, 1208) obtained 7-chloro-4-(4-diethyl- 
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amino- |-methylbutylamino)- --phenyiqeineiine by the reaction of 4-diethylamino-i-methy!- 
butylamine with 4: 7-dichloro-3-pheny li The latter method was used in the present 
work, in view of the availability of 4-bydroxy-3-phenylquinolines and hence of 4-chioro-3- 
phenylquinolines. 

A series of 4-hydroxy-3-phenylquinolines ([V) was prepared by the cyclisation in boiling 
pheny! ether of the ethyl $-arylamino-e-phenylacrylates (V) obtained from the condensation 
of the appropriately substituted amine — hey 5 formylphenylacetate, as described by 
Elderfield and Wright (/. Amer. Chem. Soc., 68, 1276) for the reactions with aniline and 





%,. NHR’ 


CO,Et a S*% J ‘\pr 

R-C,HyNH, + CHPh > tot Ct 
CHO R-C,HyNHCH a \ANH 
(Vv.) av.) (vl) 


m-chloroaniline. This reaction has now been applied, in addition, to o- and p-nitroaniline, 
o- and p-chloroaniline, p-bromoaniline, and p-anisidine. The yields of these 4-hydroxy-3-phenyl- 
quinolines varied from 21%, for p-anisidine to 55% for p-nitroaniline (see Table I). The 
successful use of the nitroanilines in this reaction is of some interest, because it has been reported 
that nitroanilines or substituted nitroanilines condense either with difficulty, or not at all, with 
§-ketonic esters (Coffey, Thomson, and Wilson, ]., 1936, 856; Misani and Bogert, J. Org. Chem., 
1945, 10, 352; Kaslow and Stayner, /. Amer. Chem. Soc., 1948, 70, 3350; Halcrow and Kermack, 
]., 1945, 415; Adams and Hey, /., 1950, 2002) 

In an attempt to establish the conditions necessary to give the maximum yield in these 
reactions, the effect of variations in experimental conditions was investigated. It was found 
that it was necessary to use pure ethyl formylphenylacetate free from phenylacetic acid, the 
presence of the latter showing itself in the formation of the phenylacety! derivative of the amine 
used. In a set of experiments in which the ratio of aniline to ethyl formylphenylacetate was 
varied, it was found that when equimolecular quantities were used the yield of 4-hydroxy-3- 
phenylquinoline was >41%, and with slight excess of the ester 59°, (calculated on the weight 
of aniline), and in these experiments no other product was isolated. When, however, twice 
the equivalent quantity of aniline was used the yield of 4-hydroxy-3-phenyiquinoline dropped 
to 5°, and s-diphenylurea (>24°%,) and 4-anilino-3-phenylquinoline (22%) were also isolated 
The effect of a change of concentration at the cyclisation stage was studied by cyclising ethyl 
6-anilino-a-phenylacrylate (0°02 mol.), formed in the presence of a slight excess of ester, in 
20 c.c. and in 40 c.c. of phenyl ether. At the lower concentration 4-hydroxy-3-phenylquinoline 
was obtained in 81% yield. At the higher concentration the yield of 4-hydroxy-3-phenyt- 
quinoline was only 47°%,, and when the pheny! ether filtrate was heated for a further two hours 
with more aniline, s-diphenylurea was formed. Further, whereas the product obtained in the 
condensation of aniline with ethy! acetoacetate depends on the temperature at which the initial 
reaction takes place, ethy! $-anilinocrotonate being formed at room temperature (Conrad and 
Limpach, Ber., 1887, 20, 944) and acetoacetanilide at higher temperatures (Ewins and King, 
]., 1913, 108, 104), the reaction between aniline and ethyl formylphenylacetate follows the same 
course to give ethyl $-anilino-a-phenylacrylate (V; K = H) when the condensation is carried 
out at 0°, at room temperature, and at 100°, and the yields of 4-hydroxy-3-phenylquinoline are 
48, 45, and 35%, respectively. The temperature at which the condensation is effected thus has 
little effect on the nature and yield of the product. 

Elderfield and Wright (/oc. cit.) do not report the occurrence of secondary products in their 
reactions between aniline or m-chloroaniline and ethy! formylphenylacetate, but Price, Leonard, 
and Reitsema (/. Amer. Chem. Soc., 1946, 68, 1256) found that the products from the cyclisation 
of the acrylate derived from m-chloroaniline and ethyl] formylacetate depended on the 
concentration in the cyclising medium. At high concentration they obtained only s-bis-m- 
chlorophenylurea and an odour of acetaldehyde, but at low concentration 5- and 7-chloro-4- 
hydroxyquinolines were obtained together with 1 : 1-di-(7-chloro-4-hydroxy-3-quinoly!)ethane, 
a condensation product of acetaldehyde with 7-chloro-4-hydroxyquinoline. No 
product was obtained by using ethy] formylpropionate, which gave the corresponding 3-methy]- 
quinolines. The occurrence of diphenylureas as by-products in reactions between amines and 
various ketonic esters has been noted previously by many workers. The occurrence of 
4-anilino-3-phenylquinoline in the products of the reaction between ethyl formylphenylacetate 
and an excess of aniline was unexpected. Curd, Raison, and Rose (/., 1947, 899) have shown 
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that aniline does not react with ¢-hydromyquinctines except in the poessnce of ite hydrochloride 
or some other acid, and it was confirmed that 4-anilino-3-phenyiq line is not formed when 
4-hydroxy-3-phenyiquinoline ts heated with aniline at 240°. 4-Anilino-3-phenylquinoline 
might have arisen from the ring closure, with loss of water, of §-anilino-a-phenylacrylanilide 
(V1; RK = R’ = Ph). The ring closure of compounds of this type (¢.¢., VI; R « CN or CO,Et. 
R’ = Ph, substituted phenyl, or alky!) has been described by Price and Boekelheide (/. Amer 
Chem. Soc., 1046, 68, 1246), but the condensing agents used were phosphorus oxychloride in 
boiling benzene or phosphoric oxide in boiling toluene. Phenyl ether does not normally 
function as a cyclising agent by dehydration. The presence of §-anilino-a-phenylacrylanilide 
in the reaction mixture seemed not unlikely, because Wislicenus and Erbe (Annalen, 1920, 421, 
140) have shown that it can be obtained by the action of an excess of amiline on a-formylpheny!l- 
acetanilide at #0", or by heating a-formy!phenylacetanilide to 180°, when the products were 
§-anilino-a-phenylacrylanilide, diphenylurea, and phenylacetaldehyde. It seemed possible 
that some «-formylphenylacetanilide might be formed in the reaction mixture from aniline and 
ethy! formylphenylacetate cither directly or by a subsequent conversion. Keynolds and 
Hauser (J. Amer. Chem. Soc, 1948, 70, 2402) have shown that under certain conditions 
f-anilinocrotonates and acetoacetanilides are interconvertible. After the completion of this 
work Moszew and Famiclodwna (Rocen. Chem., 1948, 22, 80; Brit. Absir., 1949, All, 162) 
described the preparation of 4-anilino-3-phenylquinoline by heating diphenylithiourea with 
phenylacetaidehyde 

4-Chioro-3-phenylquinolines were obtained as described by Elderfield and Wright (loc. cit ) for 
4-chioro-3-pheny!- and 4° 7-dichloro-4-hydroxy-3-phenyl-quinoline, by heating the 4-hydroxy- 
3-phenylquinolines with a mixture of phosphorus pentachloride and phosphorus oxychloride. 
The preparation of 4; 7<lichloro-3-phenylquinoline from a crude mixture of 5- and 7-chioro-4- 
hydroxy-3-phenylquinolines was confirmed, and 4: 6-dichloro-, 4: 8-dichloro-, 4-chloro-6-nitro- 
and 4-chloro-6-methoxy-3-phenylquinolines were also obtained in good yield (see Table II) 
Treatment of 4-hydroxy-3-phenyiquinoline with phosphorus pentachloride or oxychloride alone, 
or with mixtures of the two in different proportions, sometimes gave evidence of the formation 
of products more highly chlorinated than the expected 4-chloro-3-phenylquinoline. A similar 
anomalous result was obtained with 4-hydroxy-é-methoxy-3-phenylquinoline, which gave a 
product shown by analysis to be a dichloro-6-methoxy-3-phenylquinoline. Koller (Ber., 1927, 
60, 1110) has described a similar introduction of an additional chlorine atom in the treatment of 
2° 4-dihydroxyquinoline with phosphorus pentachloride 

4-(Dialkylaminoalkylamino)-3-phenylquinolines were prepared by a modification of the 
method of Drake ef al. (loc. cit.) by heating the appropriate chloroquinoline with phenol and the 
(dialkylaminoalkyljamine. The resulting bases, which were oils, were isolated by precipitation 
as the dipicrates (see Table 111). Curd, Raison, and Rose's observation (loc. cit.) that (dialkyl- 
aminoalkyljamines could be condensed directly with the 4-hydroxy-group of 2 : 4-dihydroxy- 
quinoline led to an attempt to prepare 4-(2-diethylaminoethylamino)-3-phenyiquinoline directly 
from 4-hydroxy-3-phenyliquinoline, but the starting materials were recovered unchanged 





EXPERIMENTAL. 
(M. p.s above 200° are uncorrected, those below 200° are corrected.) 


4-Hydroxy-3-phenylquinolimes (Table 1).—The amine (1 mol.) was added to ethyl formylphenyl- 
acetate (Wislicenus, Annalen, 1896, 291. 164) (1 mol.) at room temperature or, in the case of solid amines, 
with slight warming. After 24 bours at room temperature the product, dissolved in ether, was dried 
(MgSO, After filtration and removal of the ether, the residual! oil was added to boiling pheny! ether, 
and heated for times varying with the substituent group in the amine used. The 4-hydroxy-3-phenyl- 
quinoline crystallised on cooling (except m the case of Ssubstituted derivatives) and was filtered off, 
washed with light petroleum (b. p. 40-—60° or b. p. 60-—80"), dred, and recrystallised 

4-CAloro-3-phenylquimotimes (Table Il) —The 4-hydroxy-3-phenyiquinoline (1 mol.) and phosphorus 
pentachioride (1 mol) were heated in phosphorus oxychloride, as solvent. The mixture was poured on 
ice, and made alkaline with aqueous sodium hydroxide. The solid product was filtered off, washed 
thoroughly, dred, and recrystallised 


4-Amsline-3-phemyiguinoline. —4-Chioro-3-phenyliquinoline (0-5 g.) was heated with aniline (0-2 g.), 
reaction occurred at 130°, and this temperature was mi intained for 5 minutes. The cooled product was 
extracted with 5%, hydrochloric acid, and the solid residue was recrystallised from met ~ b alcohol 

‘ 


4 Anshan pete hy drow hbonide separated as bright yellow needles, m. p 300° (Found: C, 
72, HLS HCl requires C, 75-5, H, 51%). 4 Ansiino-3-phenylquinoline was obtained by 
pouring a solution ol the hydrochloride in glac tal acetic acid into water and immediately neutralising 
the solution separated from methyl alcobol in cream rhombohedra, m. p. 179-5—180-5° (Pound 
Cc, 0; HH, 52 ? sft, ', requires C, 85-1; H, 54%). Moszew and Famielcéwna (loc. cit.) give 
m. p. 1st. 
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4-Anthino-6-methory 3-phenyiquinciime — Prepared in semilar manner from ¢<hioro-6 methoxy-3- 





phenylq . 6 meth 2 oy are: separated from methy! alcohol as 4 cream 

powder, m. p. 172-173" (Pound C, 4; 54. C,H ON, requires C. $140; H, 65%) 

4 (Dialhylaminoalhylamino) 3 phen molsmes (Table 111). —The ¢-chioro-3-phenyiquinoline (1! mol), 
phenol (1 mol.), and the (dialky kyljamine (2-5 mol.) were heated for 4 hours at 160-150" and 
then for 4 hours at 210°. Excess of amine was removed under reduced pressure and the residue was 
extracted with 66%, aqueous acetic acki. The acid solution was made alkaline with 10% aqueous 
sodium hydroxide, and the liberated oi! extracted with ether. Alcohol (5 «.c.) was added to this 
solution, and the base was precipitated as picrate by use of a saturated alcoholic solution of picric acid 
The crude dried pirate was extracted twice with boiling ethy! alcohol (10 c.c.), in which the 4-(dialkyl- 
am inoalirylamine)-3- yiquinoline picrates were practically insoluble, and the residue crystallised 
from acetone. The dipicrates separated as yellow crystalline solids, in some cases containing acetone of 
crystallisation, not removed by being dried at 80° at atmospheric pressure, but removed at 100° in 
ta eo 

Taste Il. 
4-(Dialkylaminoalkylamino)-3-phenyiquinolines. 
Weght 
ot 
chioro- 
com- Analysis. 
3-Phenylquinoline pound Yield Found, %, Calc., ‘ 
dipicrate < a Mp Formula c H ( 

4-(2-Diethylamino 2 201-5—202-5" C,,H,,N,.2C,H,O,N, 510 34 509 
ethylamins)- decomp ) 

4-(4- Dieta ylamin- 16 213 26 
1 meth y bbvedyi decomp.) 
amine 

6-Chhoro-4-(2-ds 20252065 C,,HyN CLIC HON, CHO 496 38 497 
ethy laminate, i (decomp. ) 
amin 

6-ChAbwo4 beds 210-218 sti, N CLIC H,O,N,C,H,O 51-2 43 51:3 
ethylamine-\- (decomp ) 
meth vibutylamin 

7-Chhore-4-(2-ds . sp biggN CLIC HON, CLH.O 4085 41 
oth) Lamumosthy | 
amine 
(2. Dicthylamine 
thylamin’) 6 
methory 


stig, Ny 2C,H,O,N, 530 47 52-7 


aptly, ON,,.2C,H,O.N,C,H,O 517 35 


sett ON,. 20, H,O.N, wo 
. (decomp.) 
(4 Diethvlamino | 104 105 satlyON,.2C H,O,N,C,H,O 52-8 53 
meth idvely lamin decomp 
6 methowy 


* 6-Chlore-4-phenory-3-phenyiquinolime, insoluble in aqueous acetic acid, was also obtained. It 
had m. p. 152-5--153.5", undepressed by a specimen prepared by heating 4 $-dichloro-3-pheny! 
quinoline with phenol (Found: C, 76-6; H.42. C,,H,,ONCI requires C, 76-0, H, 42% * Melting 
with preliminary softening at 110--118 Dried at 80° at atmospheric pressure Dried at 100° 
for two hours over potassium hydroxide tm vacw 


Sewbstetuded Phenyvlacetawslides The following were prepared by heating phenylacety!l chloride 
(1 mol.) with the appropriate amine (1 mol Phen ylacetantide transparent plates, m. p 115-5 
116-5" chet m. p. 117-118 Pp ( Paenylacet)amiridide bh H,CONH(,HyOMe-p, white flattened 
«tahedra, m. p. 122-123" (Found ©, 744. H.63. C,,H,,O,N requires C, 74-7, H, 62%); p-chioro 
(phenylacetjanilide, PhCH, CO-NH(,H,Cl-p, fine white needies, m p. 164-165" (von Walther and 
Croseman, /. pratt, Chem. 1908, 78. 453. give m. p. 163-164 


Reaction betwren Amines and Ethyl formyl phenylacetat i) Production of phenylacetanslide This 
<curred when impure ethyl! formylphenviacetate was used The phenyl! ether solution, after removal of 
the hydr xy quinoline by Altration. was diluted with four times its volume of leht petroleum b P 
“0. © and b p a0 The pre pitated solid was filtered off, washed with light petroleum, and 
recrystallised from methy! alcohal The following were obtained from the approprate amines and 
were identified by melting port and mixed melting prunt phenylacetanilide, 9 (phenyla et)anisidide 
p <hloro(phenylac et) amilice 


(it) [afwemce of temperature on cnitial ndenialion (a) Amiime (1-9 g.) and ethyl! formyipheny! 
acetate (3.8 ¢.) were mixed at room temperature After 24 hours at room temperature the resulting 
acrylate was dried and then cyclised by bemg heated in boiling phenyl! ether (20 « « for 2 hours 
4-Hydroxy-3 pre nylquinoline (2:1 g. 48%) separated from the phenyl! ether solution Inlution of the 
filtrate with light petroleum (b p. 40-60") precipitated 4-anilino-3-phenyiquinoline (0-7 g m. p 
178-180" both alone and on admixture with an anthentic specimen prepared as described above 
(6) Aniline (1-0 ¢ ) was added to ethy! formy!iphenylacetate (3-8 ¢ ) in a flask surrounded by an ice-bath 
After 30 minutes at 0° the mixture was kept at room temperature for 24 hours, then treated as above 
The products were 4-hydroxy-3-phenyiquimoline (2 g., 65%) and 4-anilino-3 phenylquinoline (0-5 g 
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(ce) Amiline (1-9 g.) was added to ethyl formyiphenylacetate (3-8 g.) in a flask heated on a water-bath. 
After 30 minutes at 100° the mixture was kept at room ature for 24 hours, and then treated as 
above. During the heating in pheny! ether, diphenylurea sublimed into the condenser. The products 
were 4-hydroxy-3-phenyliquinoline (1-5 g.. 34%) and 4-anilino-3-phenyiquinoline (0-2 g.) 

(iii) Effect of excess of aniline. (a) The acrylate formed from ethy! formyliphenylacetate (3-8 ¢.. 
Sober ) and aniline (1-5 g., 0-02 mol.) was cyclised in phenyl ether (20g.). The product was 4-hydroxy- 

iquinoline = 8 g.. 41%) slight loss). No solid was pe on dilution of the pheny! 

a r here with troleum. (6) The acrylate, from the ester (3-8 g.. 0-02 mol.) and aniline (1-6 ¢., 
0-018 mol.), was cyc in phenyl ether (20g.). The product was bhydrox 3-phenylquinoline (2-6 g.. 
59%), and no solid was precipitated on dilution of the phenyl ether. (¢) The acrylate, from the ester 
(3-8 g.. 0-02 mol.) and aniline (3-6 g.. 0-04 mol.), was cyclised in phenyl! ether (20 g.). Diphenylurea 
(0-8 g.) sublimed into the condenser during heating. product which crystallised from the y! 
ether after 24 hours was te pweeny ” -3-phenyiquinoline (0-2 g., 5%). After 48 bours, 4-anilino-3- yl 
quinoline (0-2 g.) c ised from the pheny! ether filtrate, and addition of light petroleum to the pheny! 
ether distillates residue gave more 4-anilino-3-phenylquinoline (1 g.). 


(iv) Effect of dilution. The acrylate was prepared from ethyl formyiphenylacetate (3-8 g.) and 
aniline (1-7 g.). (a) Cyclisation was carried out L apy ether (20 c.c.) for 2 hours and the yield of 
4-hydroxy-3-phenylquinoline was 1-8 g. (47%) f the phenyl ether filtrate was heated for a further 
2 hours with more aniline (1 c.c.). Addition of ane petroleum to the cooled solution gave diphenylurea 
(0-4 g.). Addition of light petroleum to the untreated Mo ether filtrate gave no solid product 
(+) Cyclisation was carried out 1 Ld yey ether (40 c.c.) for 2 hours and the yield of 4-hydroxy-3 phenyl- 
quinoline was 3-3 g. (81%) { the phenyl ether filtrate was heated for 2 hours with more aniline 
(2 c.c.); no solid was sectgtinned either from this or from the untreated filtrate 


Part of the work described in this paper was carried out during the tenure by one of us (W. J. A.) of 
a University of London Postgraduate Studentship 


Kino'’s Cottece, University or Loxpon, 
Stranp, Lowpor, W.C.2. Recewed, July 13th, 1950 


635. The Mechanism of the Hydrolysis of Acid Chlorides. Part II. 
The Effect of Temperature and Solvent Composition. 
By B. L. Arcner and R. F. Hupsow 


The rates of hydrolysis of benzoy! chloride in ueous acetone, containing 5—-75% (v/v) of 
water, have been measured at 0°, 15°, 25°, and 35° by potentiometric and conductometric 
methods. A kinetic equation has been developed. — the rate of reaction in terms of 
the concentrations of water and acetone. Increasing the water content increases the activation 
energy, which indicates a change in mechanism. This is su ed by the positive temperature 
coethcient of activation energy and by the increased effect of water on the reaction rate in highly 
aqueous solvents 





AccorDING to the electronic theory of organic reactions, the presence of an oxygen atom at the 
reactive centre (C,..) of an alkyl halide should favour a bimolecular solvolysis (see Hughes, 
Trans. Faraday Soc., 1941, 37, 603; Baker, ibid, p. 632). The electron affinity of the oxygen 
atom increases the positive charge on the a-carbon atom and thus increases the attraction for a 
water dipole. Steric considerations also favour a bimolecular process for the hydrolysis of 
benzoy! chloride, as the geometrical structure of the molecule is considerably more open in this 
case. The increased positive charge also explains the rate of reaction of benzoy! chloride being 
greater than that of benzy! chloride 

In a previous communication (Hudson and Wardill, /., 1950, 1729) dealing with the effect 
of substituents and hydroxy! ions on the rate of hydrolysis, it was shown that the above 
deduction is not supported by experimental results. This suggests that the comparison drawn 
between the two types of compound, differing in electronic and geometrical structure at the 
reactive carbon atom, may not be significant in relation to the mechanism of the reaction. A 
comparison between the rates of alcoholysis (Branch and Nixon, J. Amer. Chem. Soc., 1936, 58, 
2499) and hydrolysis of substituted benzoy! chlorides, however, indicates that the hydrolysis 
may proceed according to alternative mechanisms, i¢., a bimolecular substitution or a uni- 
molecular ionisation, depending on the nature of the substituents 

The alcoholysis of benzoy! chloride in a solution of relatively low dielectric constant is known 
to be bimolecular (Branch and Nixon, Joc. cit.) and it seems to be highly probable that in a similar 
solvent the oy sis of unsubstituted benzoyl chloride should proceed by an analogous 
mechanism. 

In highly aqueous solvents, however, the possibility of a change to an ionisation mechanism 
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must be considered. The results recorded below show that the effect of solvent composition 
on the rate of hydrolysis at various temperatures is consistent with the operation of a dual 
mechanism, a unimolecular ionisation preponderating at high water concentrations. 

In most of the following experiments the rate of reaction was measured by the change in 
resistance of a conductivity cell containing the reacting solution, the cell having been calibrated 
previously by filling with solutions of the products of reaction of known concentration. The 
resistance was measured by the usual non-inductive bridge incorporating a Wagner earth to 
eliminate asymmetrical potentials and to balance the capacity to earth on opposite sides of the 
bridge. In the following section, the design of the apparatus, and the procedure of taking a rate 
measurement, are described fully since it is essential that the velocity constants shall be of 
sufficient accuracy to lead to significant activation energies 

The conductivity method was not employed to study the rate of hydrolysis in the highly 
aqueous solvents owing to the rapid rate of reaction. For these measurements the change in 
E.M_F. of a cell containing a silver—silver chloride electrode and a glass electrode immersed in the 
reaction mixture was followed continuously with a pH meter. Limited results only could be 
obtained, because of the lack of reproducitmlity when the rate of reaction became extremely 
rapid 


EXPERIMENTAL 


Construction of Apparatus —The bridge (Pig. 1), constructed from standard components, consisted 
of the conventional resistance network with Wagner ground as recommended by Jones and Josephs 


Fis. 1. 
Comductiouty bridge 















































ty, ~ 0002 pr G, ~ © O01 pr. Gy 
G, = 0002 pr tr, ~ 00005 pr G 


(J. Amer Chom. Soe., 1038, 60, 1047). Standard bifilar-wound manganin 
mductance and accurate within 60-01% were used as the ratio arms (1: l and 1: 10) 
and amplifier were counected across the brxige at OO, 4B, and EF respectively. To compensate 
capacity mherent in the conductivity cell and 10,000-ohm resistance box RX, a bank of condensers G,— 
G, and a variable air condenser, G, fitted with slow motion drive and linear capacity scale, were incor- 
ted. The similar variable air-condenser / was used to compensate for any p> benno. in 
ween the two sides of the oscillator output and earth. Copper wire (16 S.W.G.) was used 
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ee ee conductivity cell, and amplifer were made through 


A variable freq sine wave, valve oscillator (Ex. W.D. Type 66A) was used, which had a maxi- 
mum output of 10 v. RMS. As sufficient sensitivity in the of the could be obtained in all 


2 Vv. output, were made at frequen of 100 cond cell. For the sake of 
ee a ee c/s. The wave form was fennd by means 


tho mensusing beidge could bo ost 


Fis. 2. 
Kemetic conductivity cell. 


AAMELLLSLSL! SELLS ADL MD 












































Owing to the high temperature coefficient of resistance, accurate temperature control was essential. 

A conventional type of thermostat was used, filled with Shell P 31 oi/ to eliminate errors due to the Parker 
effect at high cell resistances. The low specific heat of the oil necessitated a very careful control of the 
auxihary heaters in addition to the small 


perature. The Post ¢ 
tin plate box, and all wiring was carried out in 


the conductivity cell. The heater bulbs were wered on the outside, and the metallic layer was 
earthed. 


Conductinty Cell—The bulb A (Fig. 2a) was a 100-ml, Pyrex flask, into which the platinum electrodes 

B, and B, were sealed, with mercury-filled tubes C, and C, for electrical contact. The I-cm. square 

electrodes were specially made from 90% Pt-10% Ir ‘allo , 0 "2 mm. thick, according to the specification 

plates were welded in the centre to I-mm - 

thick platinum-inidium rods which were in turn welded to es of 0-015" platinum wire (Pig. 26). 
Before being sealed ia, the clecteudes were etched with warm aqua regia. 

Bread 

Pyrex blades D and 
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and contammation of the electrolyte with powdered glass. A second mercury seal 1 was joined to the 
neck of the flask to prevent oil seeping through the ground joint A when the cell was immersed in oil 
Lastly, the device shown im Fig. 2c was sealed through the side of the neck of the flask. This enabled the 
reaction to be initiated adding benzoy! chloride dissolved in acetone from M to the acetone- water 
mixtore in A, after the w us been in the thermostat for at least one hour, by increasing 
the rein M. The small tly-coupled electric motor which drove the sturrer was connected to 
the 110-v. D.C. mains by single-way screened flex, and the casing of the motor was also earthed 


The cell constant was determined by measuring the remstance when filled with 6-00] moial-potassium 
chloride solution at 25° (see Jones and Bradshaw, ]. Amer. Chem. Soc., 1933, 66, 1780). The potassium 
chloride was twice recry: trom conductivity water, dried at 150° for 2 hours, and cooled in a 
desmcator over _ otic oxide. All weights were corrected for air buoyancy. The cell resistance of 
177 83 + O01 ohms to the cel) constant of 0 25064 


Cabsbration of Cell. About 11. of aqueous acetone, purified and dred by the method of Timmermann 
and Giller (Hocewschi Chem., 1938, 18, 812) was made up by weight for each water percentage. WO 
Drops of pure, redistilled benzoy! chloride were added to 250 ml. of the stock solvent and left overnight 
150 Mi. of the resulting bydrochionc acid-benzcic acid—acetone—water solution were placed in the cell 
and brought to the required temperature in the thermostat. The equilibrium value of the cell resistance 
was measured on the A.C. bridge and the mean of 6 such readings was recorded, the divergence from the 
mean never being greater than 005%. The remaining solution was analysed gravimetrically for 
chloride 


After the conductivity cell had been removed from the thermostat and left for at least | hour to attain 
room temperature, a known volume was removed and diluted to 150 ml. The cell was then emptied, 
washed, dried, and refilled with the second solution, the conductivity of which was then measured. This 
was repeated six or seven times for each solvent and temperature, and graphs were constructed of the 
logarithm of the chloride ion concentration plotted against the logarithm of the cell resistance. These 
cablbration graphs were used to derive the concentration of chloride ton released during a kinetic run 


Procedure for Rate Determination —Slightly less than the required amount of conductivity water 
was weighed into the cell from a weight-pipette, and 10 ml. of pure acetone were pipetted into the sice 
vessel Af (Pig. 2c) of the cell. The volume of acetone delivered by M had been previously determined 
Then the remainder of the acetone required for the experiment was weighed from a weight-pipette into 
the boxy of the cell. It was impossible to obtain the exact ratio of water to acetone in the cell without 
repeated weighings, with a chance of an appreciable error by evaporation. Hence the small volume of 
water still needed to attain the right ratw was calculated and added from a I-ml. graduated pipette 
The stirrer was then placed in the cell, and the top sealed with mercury before the cell was placed im the 
thermostat After an hour the short-circuit which had been kept across the electrodes was removed, and 
the necessary volume of benzoyl chloride placed in M The dials of the bridge were set to the highest 
resistance expected, and the acetone and benzoyl chloride forced over from M into the cell. The 
om illater and stop watch were started, and the times noted at which the resistance of the cell passed pre 
st values on the bridge Readings were taken every 20 seconds for the fastest runs but only every 2—3 
minutes for the slowest, some fifty or sixty readings bemg taken during cach run As the resistance of 
the cell changed, the capacity across the coils needed to secure perfect silence altered rapidly, but it was 
possible to keep it sufficrently well adjusted to enable the times of minimum sound to be read to the nearest 
second The resistance when all the benzoy! chiorswle had hydrolysed was taken as the average of several 
readings obtained over a protracted period, starting when at least twenty half-life periods had elapsed 


lhe Potemteometric Method The following method was employed for the reactions in the more highly 
] 


juccus solutions, owing to the rapid rates The change in F..M.F. of a cell, composed of a silver-silver 
j le electrode, D (Pie. 3), and a glass electrode, C, immersed in the reacting solution, was deter 
mined As the former electrode is sensitive to the negative chionde ton and the latter to the positive 
hydrogen ion, the changes in E.M.F. observed were twice those which would be obtained by using a 
wngle electrode and a calome! half-cell The electrodes were held by rubber stoppers through a piece of 
ebomite BH which served as a cower for the glass cell, 4, comtaming the reaction solution A stirrer (M 

driven by an electric motor situated at a considerable distance from the cell, was also mserted through 
the ehbeonite The cell, 4, was supported by a cork ring GG im the neck of a Dewar vessel H filled with 
me Finally, a hole was made in the ebonite, through which the second reactant could be admitted The 
whole apparatus was enclosed in a tinplate screening box to prevent hand-capacity effects on the pH 
meter \ standard Weston cell A was connected between the silver-silver chloride electrode and the 
pesttive terminal of the meter, so that the highly insulated glass electrode could always be connected 
te the erul of the pH meter This was necessary because the silver silver chlonde electrode was more 
negative than the glass elev trade under the conditions of the exper:ment, and if the glass electrode were 
connected to the positive terminal considerable errors would result owing to current leakage The 
siiver-ailver chloride electrodes were prepared by the method of Brown (J. 4mer. Chem «., 10M, 5 
oo 


The system was calibrated for cach experiment by a method analogous to that used in the 
comdactivity experiments The potential of the cell was measured with the aid of a Cambridge pH 


meter used as a millivoltmeter, and a graph plotted of EMF. agaist the logarithm of the chionde ion 
concentration 


In a typical experiment, the calculated quantity of water was run into the cell from a burette, and the 
required quantity of acetone run into the tube of the calbrated mixing device. After the water had 
cooled to 0° by ummersion of the cell in powdered ice, and the acetone had reached a pre-determined low 
temperature by cooling in acetone-carbon dioxide, the benzoy! chlonde was added to the acetone and 
the mixture forced over into the water. With the stirrer running, the stop-watch was started when the 
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Temp 15-0 of —— : water, 20-76%, (w/w) or 25-00% (vv) at 25°. 
, 15-00" 
bere concn. diesen chioride (a), 0-01337» 
Time correction, 38 secs. 
Mean value of 4, — 0-0001278 + 0-0000028 sec 
Mean value of A, ~ 0-0001277 + 0-0000010 sec. 
hy’ = (log a/(@ — *))/tan. &, = (log @/(a — *)) item. Ay’ = [log (@ — #,)/(@ — *4)/(t, — 4) 
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and readings taken at short time intervals. After approx 

F. of the cell was measured, and then the solution was 

t and the chiorsée determined gravimetrcally as silver chioride. 
The density of acetone at also that of aqueous acetone at 0° being known (Int. 
Crit. Tables, Vol. 11, p. 112), solvent used in the reaction was calculated, and hence 
the concentration of in the final reaction solution. To eliminate errors caused by ¢ im the 
asymmetry potential of the giass electrude, the potential which the cell should have had at end of 
the reaction was found from the calibration graph, and the necessary correction made to the observed 
potentials obtained during the reaction. The corresponding concentrations of chloride ion were then read 
off from the calibration graph, and the velocity constants evaluated as for the conductivity runs 


Taste Il 
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Reswlts.—(a) Calculation of veloculy constants. Cutag 0 Sp intrgeminesy > Gocening ned he 
reaction, of the velocity constant, 4,’, 
reaction 


from the simple expression for a first-order 
cdtho tune ¢ (ese caltanns 6 end ©, Table). By ecaotrecting q@raghe ct leg fo — #) aguinah? Pig. ¢) end 
pgs sees die weep a, caiane ob ho cialis eas aclbietin sanue tatnadh Aad anal  odeee 
t values of 


The results in Table I for a typical run show that the deviations of 4, from the mean are small and 


(Pil. Mag., 1926, 2, 538). 
Any constant error in ¢, and 4, is — 4, are larger than the individual 
values of ¢ in the early stages of the reaction, the errors are y reduced. Furthermore, any 
errors in the value of the initial concentration 4 are minimised. 

(b) Effect of solvent on k. Table Il summarises the most important experiments made to study the 
effect of solvent composition on the rate of hydrolysis. The initial concentration of benzoy! chloride, 
4, is expressed in g.-mol./l. and the velocity constants calculated by the Guggenheim method in sec.*+. 
Maximum deviations from the mean value of each velocity constant are given, so that the significance 
of these values may be appreciated. 


It is observed from several sets of data (Fig. 4) that the velocity constant remains almost constant 
over a wide concentration range (¢.g 0-001 --0-46n at 25° for 33% water content), showing the reaction 
to be truly unimolecular with respect to the chloride 


Limited results obtained by the potentiometric method for solutions containing = o , and 
75% of water are given in Table 111. Owing to the lower accuracy of this method and t rates 
of reaction, activation energies could not be obtaimed with any certainty in this range solvent 
composition 


Taste III. 
Potentiometric results (O° c.). 
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Discussion. 


(a) Reaction wm the 030% Water Concentration Range.—The results given in Tables I] and 
III show that no simple relation exists between the first-order rate constant and the concentration 
of water, although the former is independent of the initial concentration of benzoyl chloride. 
This is due to the fact that the true order of the reaction is masked by the solvating influence of 
the reaction medium and is probably modified further by a change in mechanism which is 
discussed below. It is found that the rate of reaction is approximately a linear function of the 
square of the water concentration over a considerable range of solvent composition (530% of 
water). In highly aqueous solution, however (50-—75% of water), the rate js dependent on the 
water concentration to a much higher power (ca. 7°5) 

Although the graphs of &, against [H,O)* are nearly linear, they do not pass through the 
origin but cut the ordinate at definite values. In other solvolyses, a similar effect obtains at 
low water concentrations, with solvents capable of extensive solvation. In most of the cases 
studied, the rate of solvolysis, represented by 4,, increases linearly with water concentration 
over a very limited range of solvent composition, ¢.g., the hydrolysis of »-buty!l bromide in 
formic acid (Bateman and Hughes, J,. 1937, 1187) and the hydrolysis of «-phenylethy! chloride 
in acetic acid (Steigman and Hammett, J. Amer, Chem. Soc., 1937, 59, 2636). This general 
similarity has been discussed fully by Hughes, Ingold, et al. (J., 1940, 935) 

It is generally recognised that nucleophilic reactions cannot proceed without extensive 
solvation of the transition complex. Thus Ogg and Polanyi (Trans. Faraday Soc., 1935, 31, 604) 
recognised the importance of the solvation of the chloride ion, in the energetics of hydrolysis, in 
reducing the activation energy. These workers proposed the following mechanism : 


H,O —> (R< H,0)’ + G--H,O —>H,0* + ROH + Cl--H,O 
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This termolecular process requires third-order kinetics which are seldom realised in solvolytic 
reactions owing to the complex process of solvation in such media. When the solvent is of very 
low solvating power compared with water, however, third-order kinetics are observed, for 
example in the alcoholysis of p-nitrobenzoy! chioride in ether (Ashdown, /. Amer. Chem. Soc., 
1930, 62, 268), the reaction between alcohol and triphenylmethy! chloride in benzene (Swain and 
Eddy, sbid., 1948, 70, 1119), and the hydrolysis of acetyl chloride in dioxan (Hudson and 
Macleod, to be published) 

In ionising solvents, this simple process is modified by the solvating influence of the solvent 
When the solvent participates in the transition-state formation of the reaction between RCi and 
A to a marked extent, a general expression of the following type would be expected to hold : 


dsidt ~ A RCI ACS * + ORC A®* (1) 


where (RC) concen. of halide im g.-mol./|, ‘A concn. of substituting agent, ¢.g., water, and 
S) = concn. of  mert solvent, ¢g , acetone 


or 
AS" + AY 


+ 


5 
4,0 canca (g-mois 


where m and » may be assumed to be constant over a specific range of solvent composition. In 


the present case » has been found equal to 2 It is impossible to derive with certainty a value 
for m, although by analogy with the termolecular transition state (see above) a value of unity 
may be assumed As the first term in equation 3 is only significant in regions of very low water 
content, 4S" may be assumed to be approximately constant, so that under these conditions 
hk, varies linearly with water concentration. Fig 5 shows that this relation is obeyed accurately 
at 25° and 35° in the 0—30°, water range In a completely inert solvent the first term 
disappears altogether so that equation (1) reduces to the relation proposed by Swain and Eddy 
loc. cat), wrz., Rate A” RCL A® 

An alternative approach to the problem of the solvation of the transition state may be made 
by considering the variation im the rate of reaction with dielectric constant of the medium 
Although the abowe mechanism ts kinetically termolecular, only one water molecule is directly 
concerned with the breaking of covalent bonds. Thus from this point of view (see Ingold ef al., 
loc. est.) the reaction is bimolecular as the association of the chloride ion with a water molecule is 
probably not an activated process The reaction being assumed to be bimolecular, velocity con- 
stants (&,) may be calculated, from which it may be seen that the parameter A of the Arrhenius 
equation increases rapidly with increase in dielectnc constant of the medium. This 1s typical of a 
process in which the activated complex is more polar than the initial reactants. The difference 
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may be investigated as follows. Kirkwood (J. Chem. Physics, 1934, 2, 351) has calculated the free 

energy of transfer of a strong dipole yu, from a vacuum to a medium of dielectric constant D to be 
s* «6€=D 1 

~ #841 

where r is the molecular radius. Thus for the reaction HO + RCIi —»> H,O¥***** R° >>> Ci 

——» Products, substitution in the Brensted-Bjerrum activity relation gives 


F «= bT log,a = 


‘ i} 
lots hy = Bogs By? — te gst (G0 + gue an) 

This assumes that dipole forces are much greater than van der Waals forces, which is probably 
true when considerable separation of charge occurs in the transition complex. It is observed 
from Fig. 6 that the graphs of log 4, against (D — 1)/(2D + 1) are linear at 25° and 35° in the 
O—30°%, water range (cf. Fig. 5). The values of D were interpolated from the results of Akerlif 

|. Amer, Chem. Soc., 1932, 54, 4125). From the slope it is inferred that a considerable increase 
in the polarity of the transition state occurs, so that it seems that the activated complex closely 
resembles the reaction products as in the case of similar reactions 


Fie. 6. 
Dielectrve constant and reaction rate 
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(b) Evidence for a Change in Reaction Mechanism.—In Part I (/., 1950, 1729) it was concluded 
that benzoyl chloride may be hydrolysed by a dual mechanism such that substituents which 
release electrons to the seat of reaction promote a unimolecular S,1 mechanism, and substituents 
which withdraw electrons promote a reaction involving nucleophilic attack (5,2). The nature 
of the second process has been discussed above. It must be emphasised here that the authors 
do not consider this termolecular process to be an ionisation (5,1) reaction, as has been suggested 
by some authors (Swain and Eddy, loc. cit.) 

The measurements in acetone containing high proportions of water suggest strongly that a 
change in mechanism occurs when the ionising power of the solvent is increased. It has been 
observed that in the 030°, water region, the plots of log & against (D — 1)/(2D + 1) are linear 
and almost parallel for the three temperatures employed (Fig. 6). Above the 30%, water con- 
centration, however, a very marked increase in slope is observed, which shows that the 
transition state has changed. The rate becomes much more dependent on water concentration, 
so that in the 50-—75% range the rate is approximately proportional to the concentration of 
water to the power 7°5. This in itself indicates that an ionisation mechanism is operative (see 
Hughes, Trans Faraday Soc., 1941, 37, 621). A change in mechanism is also supported by the 
observed increase in activation energy with water content (Table V) 


Taste V 
%, Water in solvent. Activation energies (cals.). 
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It ms to be expected that for a reaction leading to a transition state which is stabilised by 
solvation the reverse would be the case (Glasstone, Laidier, and Eyring, Theory of Rate 
Processes,” McGraw Hill, New York, 1941, p. 402) Hughes (/.. 1937, 1187) has observed 
that m the solvolysis of tert -butyl chloride the activation energy changes little with the 
swivent composition (using acetone) which shows that the observed change in £ here is not 
caused by a change in the structure of the solvent. Several similar observations showing an 
increase in E with ionising power of the solvent have been recorded. Thus Leimu and Salomaa 

4cta Chem. Scand, 1947, 1, 353) have shown that in the alcoholysis of 1-chloro-ethers the energy 
of activation is approximately 8000 cals./g.-mol. in dioxan solution 2n. in ethy! alcohol, 
but 14,000 cals ‘g -mol. in pure alcohol The introduction of a methoxy-group into a methyl! 


chloride molecule would promote a unimolecular mechanism cfi,ox HCl ) and increase the 
rate of hydrolyss. When the value of the activation energy for the alcoholysis in pure 
alcohol of benzoy! chloride given by Norris and Young (/. Amer. Chem. Soc, 1935, 57, 1420 
(15,530 cals.) is compared with that obtained by Branch and Nixon (loc. cit) for alcoholysis in 
60%, ether (14,400 cals ), a similar though less marked change is observed 

Recently Linetskaya and Sapozhnikova (J. Appl. Chem. U.S.S R., 1948, 21, 876) have found 
that the activation energy for the hydrolysis of benzenesulphony! chloride is less in 65-—80°, 
acetone than in 50%, acetone That this characteristic change in activation energy occurs in 
solvolytic reactions in three very different solvents, with reactions where an S,1 mechanism ts 
possible, indicates that it is not due to a change in solvent structure, but to a mechanistic change 
to af totisation process 

Finally it is observed that over the 533%, water range the value of dE /dT is positive. By 
the method of Svirbely and Warner (/. Amer. Chem. Soc, 1935, 57, 1883), who made allowance 
for the effect of temperature on the dielectric constant of the medium, the velocity constant of 


a reaction is given by 


é low, A low \ 
di log, & (7 a(>) (“ap ) aD 
\7 


(? low, a Dp 
Eg = R{ ). : 


\ ep 7T, 
(r) 


where 


iaxbhelectric activation energy 


@ log, 4 
alk apparent activation energy 


4 7 } 

As Table VI shows, there ts little difference between E and Ey, the general trend in the values 
is the same in each case, and the divergence from the Arrhenius law is greater in the case of the 
mmxbielectric activation energies than in that of the apparent values 

Thus the positive value of dE d7J is not due to changes in the dielectric constant and must 
be due therefore to the change in mechanism The unimolecular mechanism, which has the 
higher activation energy, becomes more important at higher temperatures 


Taste VI 
33.33 
! Ey i 
16.320 16,770 14,850 15.240 13,580 
, 16,110 16.550 15.380 15,780 14.190 
Ly fleren« « 210 220 530 540 610 


From these considerations therefore we may conclude that in highly aqueous solvents 
benzoy! chionde is hydrolysed by a unimolecular ronisation mechanism (Syl). This process is 
differentiated from the termolecalar (5,2) process, operative in the 030°, water range, by the 
way in which the transition complex is formed. Whereas the latter process requires activated 
colhmon with the activated water molecule substituting in the halide, the former is an internal 
ionmation process. The chioride is virtually surrounded and polarised by a shell of water 
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molecules and consequently the rate-determining ionisation proceeds without attack by any 
one specific water molecule. In the subsequent step, which probably requires little activation 
energy, all the water molecules have an equal probability of combining with the cation to 
complete the hydrolysis 

The authors thank Professor H. V. A. Briscoe for his interest in this work, and the Central Research 
Fund for the financial assistance which enabled it to be completed 
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636. Cyanamides. Part IV. The Interaction of Arylthioureas 
and Aromatic Sulphonyl Chlorides. 


By Frepericxk Kvurzer. 


Interaction of aromatic sulphony!l chlorides and arylithioureas in pyridine at moderate 
temperatures results in rapid removal of sulphur and production of aryicyanamides. Some 
of the cyanamide reacts further with the excess of sulphony! chloride, as shown by the isolation 
of N-aryl-N-aryisulphonylcyanamides, while part of the sulphonyl chloride is converted into 
the thiolsulphonate during the reaction. 

The results of a number of experiments aimed at the elucidation of the mechanism of this 
reaction are in agreement with a reaction sequence which involves the intermediate formation 
of S-sulphonylthioureas (1) 


INTERACTION of arylureas and aromatic sulphonyl chlorides in pyridine under restrained 
conditions was recently found to occur with simultaneous dehydration, giving N-aryl-N- 
arylsulphonylcyanamides in good yields (cf. Parts I and II, J/., 1949, 1034, 3029). Production 
of the appropriate melamines was also observed in some cases (Part III, /., 1949, 3033). In 
continuation of this work, the action of sulphony! chlorides on arylthioureas has been examined 
The results have already been briefly outlined (Nature, 1950, 165, 817). The present article 
supplies the essential details and describes some extensions of this work 

The action of benzenesulphony! chloride on thiourea in alcoholic solution was first studied 
by Remsen and Turner (Amer Chem. J., 1901, 25, 190) who obtained dithioformamidine dihydro- 
chloride and dipheny! disulphoxide. The production of the former substance had also been 
observed by McGowan (/., 1886, 49, 191; 1887, 51, 666; J. pr. Chem, 1886, 38, 188) in the 
reaction between thiourea and methanesulphonyl or trichloromethanesulphony! chloride 
Fromm and Heyder (Ber., 1900, 42, 3804) attempted to prepare the corresponding aryl- 
substituted dithioformamidine by the action of sulphony! chlorides on phenylthiourea: the 
reaction, however, resulted in ring-closure, yielding “ Hector's base "’ (2: 3: 4: 5-tetrahydro- 
3 : 5-di-imino-2 : 4-diphenyl-1 : 2 : 4-thiadiazole), a compound that had previously been obtained 
by the action of various oxidising agents (¢ g., hydrogen peroxide, bromine, nitrous acid) on 
phenylthiourea (Hector, Ber, 1880, 22, 1176; Hugershoff, Ber, 1901, 34, 3130; Haager, 
Monatsh., 1906, 27, 267). Recent interest in sulphonamides of potential chemotherapeutic 
value has prompted attempts to synthesise p-aminobenzenesulphony!thiourea directly by the 
interaction of the appropriate sulphonyl chloride and thiourea. Leitch, Baker, and Brickman’s 
experiments (Canadian J]. Res., 1945, 28, B, 139) employing p-acetamidobenzenesulphony! 
chloride under various conditions were unsuccessful, however, since the reaction proceeded in all 
cases as previously outlined by Remsen and Turner (Joc. cit.). Moreover, the Canadian workers 
were unable to confirm Migliardi and Tappi's claims (Arch. Sci. biol., 1041, 27, 164) of having 
obtained the desired sulphonyithiourea by a variation of this method 

In the present investigation the interaction of arylthioureas and aromatic sulphony! chlorides 
has been examined, using conditions recently employed with arylureas (cf. Parts I and II, loc 
cut). The reaction proceeds essentially as with arylureas, since the aromatic thiourea rapidly 
loses sulphur, giving an arylcyanamide as one of the main products. Thus, treatment of 1 mole 
of aryithiourea with 2°5—3 moles of sulphony! chloride in pyridine at moderate temperatures 
gives a product from which up to | mole of aryicyanamide and | g.-equivalent of sulphur are 
obtained. Varying quantities of the cyanamide, depending on the nature of the substituents and 
on the conditions, react further with the excess of the sulphony! chloride, as shown by the 
isolation of N-aryl-N-arylsulphonylcyanamide. Part of the sulphony! chloride is converted 
into the aryl thiolsulphonate during the reaction, and traces of diarylsulphony! trisulphide are 
occasionally obtained. 
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As an example, the reaction between phenyithiourea and toluene-p-sulphony! chloride gave 
phenyleyanamide (56%, yield), sulphur (80%, based on the thiourea), N-phenyl-N-toluene-p- 
sulphonyleyanamide (20%), and p-tolyl toluene-p-thiolsulphonate (35%). Similar results were 
obtained with |-naphthylthiourea, and p-chlorophenylthiourea, although formation of the fully 
substituted sulphonylcyanamide (V1) predominated in the latter case. as-Diphenylthiourea 
gave excellent yields of the expected diphenyicyanamide, together with smaller quantities of 
the appropriate thioclsulphonate. The present reaction is of smaller preparative value than the 
convenient synthesis involving arylureas, since the resulting N-aryl-N-arylsulphonyicyanamides 
and thiolsulphonates must be separated by fractional crystallisation, and since, in any case, 
alternative methods are available to prepare the individual products independently in good 
yields 

The products of the interaction of aryithioureas and aromatic sulphony! chlorides can be 
accounted for by several reaction mechanisms, of which the following appear to merit closer 
examination 

The experimental results can be interpreted by a mechanism analogous to that suggested for 
the interaction of arylureas and aromatic sulphony! chlorides (cf. Part III, loc. cat.) The first 
stage of the reaction may thus be considered to involve the intermediate formation of the 
S-sulphonylthiourea (1). The great instability of imidosulphonates of type R“C(.NH)-O-SO,R 


K’SO,Cl + NHyCS‘NHR’ > (R-SOySCCNH) NHR > RSOsSH + R°“NH-CN 
(1.) (11.) (IIL) 
gor 


« + Y 
R-SOySR <——— RSOH +5 KSOsNR°CN 
(V.) — (Iv.) (vi 

has been demonstrated by Oxley, Peak, and Short (/., 1948, 1514, 1618), who showed that the 
expected N -phenylbenzamidine cannot be obtained from benzamide, benzenesulphony! chlonde, 
and aniline, as phenyl! cyanide is formed instead even at low temperatures. If the analogous 
behaviour of S-sulphony!thioureas (1) may be assumed, the formation of all products observed in 
the present reaction follows readily . the unstable intermediate (1) decomposes immediately to 
the thiolsulphomic acid (11) and aryleyanamide (I1]); the latter reacts further with the excess of 
sulphonyl chloride, yielding varying quantities of N-aryl-N-arylsulphonyicyanamide (V1) 
Aromatic thiolsulphonic acids (II) are stable in the form of their salts only; the free acids 
decompose spontaneously into sulphur and the corresponding arylsulphinic acids (Blomstrand, 
Ber, 1870, 3, 963) The conversion of the latter into ary! arylithiolsulphonates (V) under a 
variety of conditions is a well-known reaction and can be expected to account for the occurrence 
of these substances amongst the products of the reaction 

Experiments devised to test the validity of the above explanation have provided indirect 
evidence in support of a modified form of the suggested reaction sequence 

Attempts were made to examine the decomposition of an ary!thiolsulpbonic acid under the 
conditions of the thiourea-sulphony! chloride interaction by preparing toluene-p-thiolsul phonic 
acid in site from a pyridine solution of its stable sodium salt and pyridine hydrochloride. It was 
found, however, that sodium toluene-p-thiolsulphonate was not decomposed as long as any free 
pyridine, necessarily present as solvent, remained: indeed an aqueous solution of the thiol 
sulphonate was unaffected by pyridine hydrochiorule and began to deposit sulphur only when 
an excess of hydrochloric acid was added. It is well known that salts of aryithiolsulphonic acids 
are readily produced by heating sulphinates with finely divided sulphur (Spring, Ber., 1874, 7, 
1158. Otto, Ber, 1ee2, 15, 127) The following observations suggested that this method was 
applicable to the preparation of fairly stable pyridine solutions of aromatic thiolsulphonic acids 
When equivalent quantities of toluene-p-sulphinic acid and sulphur were heated in this solvent for 
short periods and the hquid was poured into water, only traces of sulphur (and thiolsulphonate) 
were reprecipitated even on prolonged storing. On addition of excess of acid, a colloidal pre- 
crpitate of the sulphur originally added was obtained. Alternatively, partial evaporation of the 
ackiifed hquid gave p-tolyl toluene-p-thiolsulphonate and ditoluene-p-sulphonyl trisulphide ; 
these products are also obtained when acidified solutions of sodium toluene-p-thiolsulphonate are 
similarly evaporated. The original formation of toluene-p-thiolsulphonic acid, probably in the 
form of its pyridimum salt, may therefore be inferred) The above results indicated that the 
observed formation of thiolsulphonate esters in the aryithiourea—sulphony! chloride reaction was 
not caused by a simple thermal decomposition of aryithiolsulphonic acids. Interesting results 
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were obtained, however, in the interaction of sodium toluene-p-thiolsulphonate or toluene-p- 
sulphimic acid and sulphur with arylsulphony! chlorides (see below) 

Attention was next directed to the postulated intermediate occurrence of arylsulphinic acids 
Experiments showed that the well-known disproportionation of arylsulphinic acids to thiol- 
sulphonates (Otto, Ber, 1876, 9, 1639; von Braun and Weissbach, sded., 1930, 63, 2836) according 
to equation (1) does not occur under the conditions of the the thiourea~sulphony! chloride 
reaction. Thus, toluene-p-sulphimic acid, when heated in pyridine solution at 100° for up to 
1 hour in the absence or presence of pyridine hydrochloride, gave no thiolsulphonate. However, 
the sulphinic acid reacted with toluene-p-sulphony! chloride in pyridine, to yield not only the 

3R-SO,H —> R-SO,SR + R-SO,H + HO “hi (1) 
expected di-p-toly! disulphone, but p-tolyl toluene-p-thiolsulphonate as well. Moreover, a series 
of experiments indicated that thiolsulphonate formation became the increasingly predominant 
and eventually exclusive reaction the more closely the experimental conditions of the thiourea 
reaction under investigation were approached; the change probably involves oxidation of two 
molecules of sulphinic to sulphonic acid by the oxygen from a sulphonyl group and may be 
represented by equation (2) 

3R-SO,H + R-SO.C] —» R-SOYSR + 2R-SO,M + HCI rey 

Interaction of equimolecular quantities of the reactants in pyridine at 70°, for example, gave 
near-theoretical yields of thiolsulphonate [calculated on the basis of equation (2)), while 
disulphone formation occurred to the extent of a few per cent. (3%) only. These conditions 
are comparable with those previously chosen for the thiourea-sulphony! chloride reaction, where 
approximately 1 mol. of sulphony! chloride is available per mol. of sulphinic acid and the 
temperature of the reaction mixture rises to approximately 70° within a few seconds. Thiol- 
sulphonate was also produced in excellent yields when the reactants were employed in the 
molecular proportion expressed by equation 2 (1.¢,, 3: 1), but a somewhat higher temperature 
(95°) was then required. 

Since sulphur and a thiolsulphonate (V) are obtained side by side in the thiourea reaction 
under investigation it appeared necessary, as a next step, to examine the influence of this 
element on the interaction of arylsulphinic acid and arylsulphony! chloride. It was found that 
the thiolsulphonate was produced with equal ease when a mixture of equivalent quantities of 
sulphinic acid and sulphur (i.¢., in effect a solution of thiosulphonic acid) was treated with the 
acid chloride at temperatures above 70°. Under these conditions the added sulphur did not 
affect the result of the reaction except in producing small quantities of diarylsulphony! trisulphide 
as a by-product; this substance has also sometimes been isolated in the interactwn of aromatic 
thioureas and sulphony! chlorides. All observations are therefore in agreement with the view 
that the thiolsulphonates obtained in the thiourea reaction arise from the action of the excess of 
arylsulphony! chloride on the intermediate aryisulphinic acids, or directly on the arylthiol- 
sulphonic acids 

3R-SOySH + R-SO,Cl —» R-SO,SR + 2R-SO,H + 3S + HCI (2a) 

The action of an aromatic sulphony! chioride on sodium toluene-p-thiolsulphonate has also 
been examined. Under the usual conditions, the reaction afforded p-tolyl toluene-p-thiolsulph- 
onate together with ditoluene-p-sulphony! trisulphide. The formation of the latter product in a 
synthesis that would normally be expected to furnish the monosulphide according to equation (3) 

R-SO,Cl + NaS‘SO,R —» R-SO,S*SO,R + NaCl ; (3) 
is not surprising, since varying proportions of the trisulphide are invariably obtained when- 
ever the monosulphide or disulphide is synthesised; indeed conversion of the pure dry mono- 
sulphide into the trisulphide appears to take place on storage (Otto and Troger, Ber., 1801, 24, 
1125; Tréger and Hornung, J. pr. Chem., 1899, 60,113). Ditoluene-p-sulphony! trisulphide has 
previously been prepared from alkali toluene-p-thiolsulphonate and iodine (Blomstrand, Ber, 
1870, 3, 957; Otto and Trdger, Joe. cit.) or sulphur dichloride (Tréger and Hornung, loc. cit.) 
The present reaction, which incidentally provides a new method of preparation of aromatic 
pentathionates, may be thought to proceed in the following stages : the reaction between sodium 
toluene-p-thiolsulphonate and toluene-p-sulphony! chloride produces, in the first place, sulphony! 
cations and thiolsulphonate anions, the latter breaking down into sulphur and sulphinate anions 
(equation 4). Combination of two oppositely charged ions with three sulphur atoms provides 
the pentathionate (equation 5) leaving equal numbers of sulphony! and sulphinate ions _Inter- 
action involving three pairs of these ions, such that oxidation of two sulphinate to sulphonate 
anions occurs at the expense of a third sulphinate, which is itself reduced to sulphide, affords 
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the units required for building up the thiolsulphonate (equations 6 and 7). The sulphony! 
cations and sulphonate anions remaitung in equal numbers (equivalent to sulphonic anhydride) 
may form pyridinium compounds with the solvent (equation 8) and eventually give rise to 
sulphonic acids when the reaction mixture is poured into water. Alternatives to the suggested 
sequence involving oxidation-reduction processes can be formulated : An alternative mode of 
oxygen transfer in stage (6), for example, may produce mtermediate sulphenyl cations; hypo- 
thetical sulphenic acikis have often been postulated to explain reactions involving 
thiolsulphonates and related compounds (cf Kharasch ef al, Chem. Reviews, 1946, 39, 275). The 
resulting overall equation (9) obtained in each case is in good agreement with the magnitude of 
the yields observed experimentally 
SKSOY SK-SO,SNa > INall + 3K-SO,® + 3RSOP + 3S “4 
> 3NaCl + (K-SO,),S, + 2K-SO,® + 2K50,.9 (5 
IKRSO,® + IKR-SOS > 3K-SO,* + IR-SOY + RS 
> RSOYSR 4 2kh-SO,* 4 2kSOS 
K-SO,* RSOY + CHAN ‘ sH NS 1, R)eR SOS 
9R-SOC! + OR-SOYSNa + 4C,HN > 
(R-SO,,S, + IR-SOSSR + PNaCl + 4(C HN-SO,R)®R-SO,9 9 
It has been shown above that reaction in pyridine above 70° between aryisulphinic acid and 
sulphur (equivalent to aryithiolsulphonic acid) with sulphony! chloride produces thiolsulphonate 
while sulphur is recovered. At lower temperatures, diaryisulphony! trisulphide becomes one of 
the main products and the reaction then proceeds by equation (9) instead of (2a 


In conclumon, an observation providing support for the postulated intermediate formation 
of thioleulphonic acids (11) in the arylthiourea-sulphony! chloride reaction may be reported 
When the reaction product from equimolecular quantities of as-diphenyithiourea and toluene-p 


sulphony! chiotide in pyridine was poured into water, the expected diphenyicyanamide, but 
only traces of sulphur, were precipitated. The aqueous phase gave a precipitate of sulphur with 
excess of acid, ot deposited, after acidification (Congo-red) and heating, considerable quantities 
of p-tolyl toluene-p-thiolsulphonate and ditoluene-p-sulphony! trisulpbide, thus behaving as a 
solution of a thiolsulphonate under identical conditions. The presence of toluene-p-thiolsulphoni 
acid, presumably as the pyridinium salt, in the aqueous phase is therefore indicated. Owing 
to the lack of excess of sulphony! chloride under the selected conditions of the experiment, the 
reaction had apparently stopped at the intermediate stage [1.¢., formation of (11) and (III 
as-Diphenylthiourea is particularly suitable for the above test, since the changes are simplified 
by the absence of the side-reaction producing N-ary!-N-arylsulphonylicyanamides (VI 

In the light of the above discussion the successive steps in the interaction of aryithioureas and 
aromatic sulphony! chlorides may be represented by equations (10) and (2), the overall reaction 
bemg given by a net equation such as (11 The postulated intermediate formation of an 
unstable S-sulphonyl:sothiourea (1) in the present reaction brings its mechanism into line with 
that previously suggested for the analogous reaction between arvlureas and aromati sulphonyl 
chiorides (cf. Part III In fact, the new observations with aryithrureas now recorded provide 
additional support for the original hypothesis. Thus, while aromatic cyanamides, whose 
intermediate occurrence was assumed, were never isolated in the arylurea series except in special 
cases, in the form of thei trimers (melamines), arvicvanamides are found amongst the main 
products in the corresponding reactions involving aromatic thioureas The occasonal isolation 
of diaryleulphony! trisulphide also appears to be a strong poimt in support of the sugges 
mechanism 


R R°-NH-CN Hol 


K SsOg¢ 
R°NH-CN + HOC) 


R-SOYNR “CN 
2K°SO,C] + NH SCS’ NHK 
R-SO SNR ON 
R-SO.C] SR-SO,H é 2R-SO,H Hc! 
R°SO,C] + 3R-SO,;SH ‘ ‘ 2K-SO,H is 
4R-SOC) INH CS’NHR 
K-SO,SR SO,H is SR NH-CN 
TR'SO SC! INH,<S NHK » 


K-SO;SR + 2R-SO,H vSOENR CN 
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Of other possible mechanisms for the aryithiourea-sul phony! chionde reaction, brief reference 
will be made only to the hypothesis advanced by Remsen and Turner (/oc. est.) for the analogous 
reaction involving thiourea in ethanol. These workers interpreted the production of dithio- 
formamidine and thiolsulphonates by the postulate that two molecules of the thiourea first 
combine by abstracting chlorine from the sulphony! chloride (equation 12); the two residual 
arylsulphony! radicals then react with more thiourea, being reduced to the thiclsulphonate, 
while sulphur is deposited (equation 13). Although neither cyanamide nor its polymerisation 
products were isolated, Remsen presumed that cyanamide was also formed in the reaction 


2R-SO,Cl + 2INHYCS-NH, —» NH,yCCNH)-SSCCHN)NH, + 2HCl + 2RSO, . (12) 
2R-SO, + 2NH/CS-NH, —+» RSOSSR + 2NHYCN + 25 + 2H,0 (13) 
NH,CCNH)-SS-CCNH)NH, —-> NHyCN + NHYCSNH, + 5 (14) 


Diphenyldithioformamidine, derived from phenylthiourea, has apparently not been prepared ; 
a number of methods expected to furnish this compound lead to other products, ¢.g., substituted 
benzthiazoles (Hugershoff, Ber, 1901, 34, 3130; 1903, 36, 3121). Since dithioformamidine is 
readily decomposed to thiourea, cyanamide, and sulphur (Claus, Annalen, 1875, 179, 139), a 
variation of the above mechanism can be applied to the observations now recorded for aromatic 
thioureas, but suffers from several disadvantages, including, fo: example, the necessity of 
assuming simultaneous formation of the arvicyanamide by two different routes. The role of 
dithioformamidines in the reactions of arylthioureas is being further examined and will be 
reported in another connexion 


EXPERIMENTAL 


M. p.sare uncorrected. Analyses are by Drs. Weiler and Strauss, Oxford. Unless otherwise stated, 
vields of thiolsulpbonates have been calculated on the basis of equation (11) 


Interaction of Phenylihtowrea and Toluene-p-suiphonyl Chloride.-To a solution of phenylthiourea 
(15-2 g., 0-1 mol.) in pyridine (100 ml.), toluene-p-sulphony! chloride (47-6 g., 0-25 mol.) was added in one 
portion. The yw deep-red solution, the temperature of which rose to 80", was allowed to cool 
spontaneously to 40——35° during 20-—-25 minutes and poured into water (600 ml.) acidified with concen. 
trated hydrochloric acid (0 mi.). The yellow highly viscous oi] was exhaustively extracted with warm 
chloroform, and the chloroform solution (300 ml.) extracted first with hydrochloric acid (1-1; 3 x 30 mi.) 
to remove pyridine and then with warm sodium hydroxide solution (10% w./w., 3 = 35 mi.), and washed 
with warm water until neutral 


The alkaline extracts were shaken with carbon and filtered, and the pale- yellow filtrate made acid with 
acetic acid at 0° (addition of ice), a voluminous precipitate of a white crystalline material separating ; 
this was filtered off and washed with ice-water, giving phenyl yanamide (6-6 g., 56%), m. p. 44 
(Found C, 71-5; H, 405, N, 23-6. Cale. for C,H,N,: C, 71-2; H, &1; N,23-7%). Alternatively, 
the alkaline extracts were shaken with excess of benzoy! « hloride (28 g.,02 mol.); crystallisation of the 
crude separated product (11-12 g., 30-55%) from ethanol (80 mi.) gave white lustrous needles of 
\ -benzoylphenyicyanamide, m. p. 125—127° 


The final neutral chloroform extracts were evaporated under reduced pressure, the residue (irom 
which a yellow crystalline material had begun to separate already during the distillation) boiled with 
acetone (20 ml.)-ethanol (20 ml.) then allowed to cool, and the yellow crystalline powder filtered off 
Crystallisation from chloroform-benzene (40 and 10 mi. respectively) gave elongated yellow blades of 
sulphur (Total, 2-53 g.; 80°, loss of sulphur from phenyithiourea) 


The filtrate (from which further small quantities of sulphur had been filtered off) deposited, on 
evaporation, a lustrous white solid (m. p. varying between 60° and 70°) which was collected (total, 
S95 g.) and fractionated as follows It was dissolved in ethanol (0 ml.) and decolorised with charcoal 
on successive evaporation and filtration, seven fractions (each approx. | g.) were isolated. The first 
three fractions, consisting of opaque white elongated prisms (total weight, 3-3 ¢., m. p. between 76° and 
79 ) were united and gave, on recrystallisation from ethanol (15 ml.), opaque prismatic columns of p-toly! 
toluene-p-thiolsulphonate, m. p. 77-78" (undepressed on admixture with authentic material) (estimated 
yield: approx. total, 3-3-5 g.. 32-38%) (Found: C, 6-1; H, 50; N, 05, 5 22-4. Cale. for 
CyH OS, ©, 4, H, 50, S, 23-09%). The final three fractions consisted mainly of transparent 
hexagonal plates (3-2 g . m. p. 85-88") and crystallised from acetone ethanol in transparent hexagonal 
plates of N-pheny!-N -toluene-p-sulphonylicyanamide, m. p. 86-88" (undepressed on admixture with 
authentic material prepared from phenylurea; mixed m. p. with p-tolyl toluene-p-thiclsulphonate 
).-64°. i.¢., that of the original mixed crystals) (Found: C, 61-5, H, 46; N, 10-5; 5,116. Cale. for 
C,,HyO NS: C, 618; H, 44, N, 10-3, 5, 11-86%). Estimated yield, 17-20% 


When pheny!thiourea (1 mol.) was allowed to react with 4 mols. of toluene-p-sulphony! chloride at 70 
for 3) minutes, and the reaction mixture was worked up as previously described, no phenyl yanamide 
was obtained, the yield of N-phenyl-N -toluene-p-sulphonyicyanamide was increased to 86%. In some 
experiments, smal! quantities (0-2—0-5 g.) of ditoluene-p-sulphony! trisulphide, m. p. 185—186°, were 
isolated during the crystallisation of the neutral fraction (most sparingly soluble portion. Found 5, 
39-8. Calc. for C,,H,,O,S, : S, 30-4%). 
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Interaction of p-Chiorophenylitnourca and Toluene p-suiphonyl Chloride. —A solution of p-~<hloro- 
phenyithwurea (15-6 f . © 1 mol.) in pyridine (80 mi.) was treated with toluene-p-sulphony! chlonde 
(47-6 g.. O25 moi he resulting hot (80°) liquid was set aside for 30 minutes and poured into acidified 
water (600 mi.), an orange-yellow granular solid separating. The product was dissolved in chloroform 
and the solution extracted with hydrochloric acid and then sodium hydroxide solution, and washed with 
water as prevwusly des ribed 


The filtered alkaline extracts were divided into two parts One half gave, on acidification with acet x 
acid, a white precepitate (0-85 g.) which formed, after two crystallisatoons from benzene light petroleum 
(4 and & mil. respectively), silky needles of ¢ chiorophenylcyanamide, m. p. 108-109" (Krall ef ai, / 
indian Chem. Soc, 1946, 83, 373, wive 07 fann et al. |, 1947, 916, give 103 Ainley, Curd, and Rose, 
J., 19468, 101, give 106.107" (from water The second half of the alkaline extracts was shaken with 
excess of benzoy! chiaride (10 g.) and gave N-+ensoyl-p-cAlorophenylcyanamide, m p. 133-134 (from 
ethanol) (Found €,. 667, HH, 356. C,,HJON Ci requires C, 65-5; H, 35%) (total yield of p-chicre 
phenyk yanamide 68% 


The neutral chloroform extracts were ev aporated in a vacuum, the reaxiue was bowed with acet« ne 
ethane! (20 and @ mi. reapectively), and the separated sulphur (2-5 g., 88%) filtered off After 
purtication with carbon the materm!l was fractionated from acetone-ethanol, giving on successive 
hitration and evaporation, the following crops 


fi) Li mOg White « ompact prisms » 136-138 ‘ ‘ ao%, 
(ui 4Me Nearly white priams 1.132 8-4% 
(iii) 23 ¢e Yellowish crystals . m4 2 o4% 
(tv 1m ¢ Yellow prismatic columns 77 7% 3%, 
(v) 30 g. Urange oi 


Crops (i dl (i) were twice recrystallised from ethanol (100 ml. 80 mi and gave lustrous compact 
prisms of Np rophenyl.N toluene-p- enlphonyleyananide,m. p. 138 130° (Found : C, 54-85, H. 3-7. N 
So C,H, ON SCI requires C, 5458. H, 36. N. @ 1%) (total yield) approx. 166 ¢., 54% Further 
purtication of the more sol sible fractions (ui) and (iv) from ethanol gave elongated prisms of p-toly 
toluene-p-thiolsulphonate, m. p. 75-79" (approx. yield, 35% 


latevaction of p © Alorophenvithvourca and Hencenesulphonyl C Aloride p-Chioropheny!thiourea (9 4 ¢ 
0-05 mal.) in pyridine (5) mi.) was treated with benzenesulphony! hiorwde (22 g.. 0-125 mol The hot 
(75") orange liquid was poured, after 20 minutes, into acidified water (300 ml), and the separated ot! was 
taken up in chieroform, which was in turn extracted with hydrochiorec acid, sodiam hydroxide solution 
and water (until neutral From the alkaline extracts, p-chlorophenyicyanamide (0-6 ¢.. 8%), m. p 
108 109°, was obtained The neutral chloroform solution was evaporated, the sulphur removed, and the 
resulue fractionated from acetone ethanol yrelding minute white prisms of N-benzenesulphonyi-N -p-calor 
phenyleyanamide, m. p. 93-95" (Found: C, 53-8, H, 20 C,,H,O.N SCI requires C, 53-3, H, 31 

9-6%,), in 52%, vield, and phenyl! benzene-p-thiolsulphonate (38%), m p. 45—46° (Pound C, 67-2 
H.@1. Cale. for C MOS, C, 57-6, H, 40% 

Henrenesulphonvl-p-chiorophenykyanamide was also red directiy byw the interaction of 
f chlorophenylurea 37 2. O°? mol) and benzene hioride (10-6 ¢« . 0-06 mol Mm pyridime 
(20 mil.) on the usual manner (cf Part Il, /., 1949, 3020) and formed colourless prismatic crystals (43 ¢ 
7 m p 93. 95° (undepressed on admixture with material obtained as above 


fy 


e 

NV -p-Chioropheay!l. N -toluene-f-sulphonylicyanamide was similarly prepared by the use of toluene-p 
sulphony! chioride (11-4 g.. 0-06 mol.) and consisted of lustrous prisms, m. p. 138-140" (undepressed on 
admixture with material obtained from p-chioropheny!ithiourea 


Interaction of a Naphthylthiourca and Toluene p-sulphomyl Chloride Addition of toluene-p-sulphony| 
chloride (19-1 g.. 0-1 mol.) to freshly recrystallised o-naphthyithiourea (10-1 g., 0-05 mol.) in pyridme gave 
a bluish-Dlack liquid, which produced a dark violet oi! on dilution with water. Separation into the 
constituents in the usual way gave enaphthylcyanamide, m. p. 130-131" (32%), sulphur (68%, 
Ne naphthyl. NV. toluene-p sulphonylcy mute » Ik 157° (28°,), and smaller quantities of p-tolyl 
toluene fp thrdsulphonate 
as-[nphewvlihiowres To a saturated solution of hydrogen sulphide in ethanol at 0° (150 ml ie 
approx. 42¢ of HS, 0-125 mol otaimed in a thick-walled flask of 20)-ml. capacity, diphenyk yvanamide 
(ete Ol m was added lowed try ncentrated ammonta solution (5 m! 70-88 The closed 


‘ } 


vease! was show heated ) ri < maimtained at this temperature for 6 hours On 

; lefined white oneevties (210 e 92°, Crvetallisation Lf 

muling chloroforr “nn m distilling the filtered hquid to 

1) m : te needies of dipheny!thiourea, which 

melted 2 i . ywly at iving ¢ n I r at 214-216 when kept at this 
temper " mina 7 ¥ i Cun i between 198 and 214 


Interaction of as Inphenyit ' lw e-p-sulp vi Chloride A solution of as-dipheny! 
thiourea (2 25 ¢. O01 mol ' cline tt P t . h toluene.?-sulphony! i 38 
O02 mol and the conmld as ated tr am ours When the 


mixture was poured inte . ’ . ! | . 1. and the mixture was 


hyciro hlere acid (to Cong “ft } rial solidified ov ght. was filtered off (dry wt 

tended with ethane! (20 ml! and the residual sulphur filtered off with suction (dry wt 

hasedl om the thiourea The ethanohe filtrate was purified by berling it with carbon, and the resulting 
white crystalline product was separated by fractional crystallisation. vielding white plates of dipheny! 
cyanamide, m p. 70-72" (1-71 g.. 88%), and glass-like prisms of toly! toluene-p-thiolsulphonate, m. 5 


-- . 





(1950) Kurzer: Cyanamides. Part IV. 


Attempted Conversion of Toluene-p-sulphomse Acid into Tolyl T oluene-p-thicisulphonate om Pyridime — A 
sulution of toluene-p-sulphinic acid (4-7 g., 0-03 moi.) in (30 mil.) was heated at 70° for 15 minutes 
and poured into water (150 ml.), giving a yellow liquid which remained clear on prolonged storage. The 
presence of the unchanged sulphimic acid was shown by slowly evaporating the strongly acidified (40 mi of 
comcentrated hydrochloric acid) solution on the steam- bath and heating the liquid for 8 hours, —— 
toly! toluene-p-thiolsulph d grad (1-85 g., 67% calc. on the basis of equation (1) 
same results were obtained when the acid was heated for up to | hour at 100°, in the presence of pyridine 
hydrochloride (7 ¢., 0-06 mol.) 


Interaction of Sodium Tolucne-p-thiolsulphonate and T oluene-p-suiphonyl Chionde.——To a solution of 
sodium toluene-p-thiolsulphonate (5-4 g., 6-04 mol.) in pyridine (120 ml.) at 60°, toluene-p-sulphony! 
chloride (22-9 g., 0-12 mol.) was added. The temperature of the clear orange liquid rose momentarily to 
70° and was kept at 60-65" for 20 minutes. The « wy was poured into water (500 ml.), yielding 
an oil, which soon solidified and was filtered off, ground washed. The crude product (ary wt. 60¢,) 
was botled with ethanol (60 ml.), after 6 hours, the alcohol-insoluble, nearly white powder (3:15-—3-7 g., 
60.70%) was collected and rinsed with cold ethanol (filtrates. A). Two crystallisations from benzene 
ethanol (20 and 3 mi., — tively, per g.) gave white microcrystalline prisms of ditoluene-p-sulphony! 
trisulphide, m. p. 185 (slight sintering at 160°) undepressed on admixture with authentic maternal 
wepared by the interaction of sodium p-toluenethiol and dichloride [Tréger and 
teens. J pr. Chem... 1809, 60, 113, 131, report m. p. 180 (from glacial acetic acid). Cf Christiansen (Zz 
Electrochem. 1928, 34, 638), who reports forms of m. p. 160° and 183°, the former os, into the latter 
on keeping) (Found. C, 41-4; H, 36, 5,401; M (Kast), 360,365. Cale. for C,,H,OS,: C, 44; H, 
34. 5, 304%. M, 406 








Filtrates A were evaporated in a vacuum, and the residual orange oi] was dissolved in warm ethanol 
(10 mi.) The orange crystals separating on storage gave, on further recrystallisation from ethanol with 
addition of carbon, colourless lustrous prisms of p-tolyl toluene-p-thiolsalphonate (1-9 g.. 75%), m 
78-79, undepressed on admixture with authentic maternal obtained from toluene-p-sulphinic acid 


Found: C, 5005; H, 50. Cale. for C,,H,,0O,5,: C, 60-4; H, 50%) (yields calculated according to 
equation 9) 


Interaction of Toluene-p-sulphimic Acid and Toluene-p-sulphonyl Chloride in Pyridine.—(a) A solution 
of toluene-p-sulphinic acid (4-7 g., 0-03 mol.) in pyricdime (30 mi.) at 50° was treated with toluene-p- 
sulphony! chloride (5-7 g., 0-03 mol.). The orange hquid, the temperature of which rose to 85-90", was 
allowed to cool spontaneously for 15 minutes, and then stirred into water (150 mi.). The oi! soon 
solidified and was hitered off (filtrate A) and powdered (dry wt.2-8¢.). The product was separated into 
its constituents by brief boiling with ethanol (15 mil.), when most of it dissolved. The small crystalline 
white residue (m. p. 220° (decomp.); 625 g., 3%] gave, on recrystallisation from benzene-ethanol, 
minute prisms of di-p-toly! disulphone, m. p. 222-224" (decomp.). The ethanolic filtrates were diluted 
with water (2 mi.) and deposited lustrous elongated prisms of p-tolyl toluene-p-thiolsulphonate, m. p 
77. 7@ (undepressed on admixture with authentic material) (total yield, including material from the 
mother-liquors 2-1 g., 75% calculated on the basis of equation 2), The aqueous filtrate A was acidified 
to Congo-red) with concentrated hydrochloric acid, slowly evaporated to small bulk on the steam-bath, 
heating at 100° being continued for 10 hours; very little thioisulphonate separated, showing the absence 
of appreciable quantities of toluene-p-sulphinic acid in the original filtrate 


Results obtained under other conditions are briefly recorded below (0-03 mol. of R-SO,H in all cases) 


R-SO,Cl Initial R-“SO,SR, RSOySOyR, R’‘SO,H, recovery 
(mol yield, %° yield, oe rom A’ 

ool 6° ao 0 0 

ool i7 o 4a 

oor f “ 5 iz 

0-403 75 3 6 

oo4as , 57 s is 

0-06 é 46 20 10 

oo3 7 a3 4 “ 


* Yields are calc. on the basis of equation (2). * Determined by conversion into the thiolsulphonate 
by prolonged evaporation, yields are calc. according to equation (1) 


(b) Im the presence of sulphur. The experiment was carried out as above, but an equivalent quantity 
of sulphur (0-06 g., 0-3 equiv.) was previously dissolved in the pyridine. Addition of the sulphony!l 
chloride at 75° caused a rise in temperature to 90°. The crude product (4-2 g.) obtained was twice boiled 
with ethanol (2 « 20 mi.) and the mixture allowed to cool to room temperature before decantation of the 
extracts. From the granular residue (1-1 g.) ditoluene een pe trisulphide, m. p. 185-186" (0-3), 


was isolated, the rest being unchanged sulphur. The et extracts gave, on ial evaporation and 
filtration with carbon, p-tolyl toluene-p-t m. p. 76-—77° (2-2 g., 80% calc. on the basis of 
equation (2)). At 40—45°, 50—55", and os" yields of trisulphide were 3-6, 3-2, and 2-5 ¢., and of 
thiolsalphonate 0-2, 0-7, and 1-1 g., respectively. 


Attempted Decomposstion of Toluene mt ee Na thiolsulphomic Acid in Pyridine.—(a) A solution of sodium 
toluene-p-thiolsulphonate (4-2 g., 0-02 stn gpettinn (4b snl.) wos wounded eit ppeitine hydrechionite 
(7-0 g., 0-06 mol.; or larger excess) and at 60° for 4 hour. Pouring the liquid into water gave a 
clear solution from which no precipitate on prolonged storage. The presence of unchanged 
starting maternal was shown by heating the partly evaporated acidified solution for several hours: the 
thiolsulphonate, sulphony! trisulphide, and traces of sulphony! sulphide, m. p. 134—135°, being isolated. 
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(6) A setution of tolaene-p-sulphime acid (4-7 g., 0-03 mol.) in pyridine (30 ml.) at 70° was treated with 
sulphur (0-06 g 003 equiv he temperature rose yntancously to SM” and was kept at this pout 
for 1S mumutes. The liquid was poured into water (150 m the resulting slightly turbad quid deposited, 
6 48 hours, 020g. of sulphur and p-tolyl toluene-p-thiclsulphonate. The clear filtrate therefrom was 
made acid (to Conge-red) and slowly evaporated (4 hours) on the steam-bath. The separated oily 
material, which solidified owernight (dry wt. 40 g.) was boiled with two successive portions of ethanol 
(3° and 10 mi) and yrelled the very sparingly soluble ditoluene-p-sulphony! trisulphide (1-95 g.) and the 
wiluble ptoly! toluene-p-thiolsulphomate (108 g in a control experiment a solution of salphur 
0-06 g.) in e rxline (39 mi.), when poured into water (150 ml.), gave a colloidal system, which deposited 
the solute almost completely as a granular yellow precipitate after 48 hours 


Intermediate Formation of J oluene-p-thtoleuiphonic Aad im the Arylihourca-Sulphonyl Chloride 
Keachen.—-A solution of es-diphenylithiwurea (3-4 g., 0015 mol.) in pyridine (20 mi.), treated with 
tuluene-p-sulphony! chloride (2-9 g.. 0-015 mol.), was heated on the steam-bath for 20 minutes, poured 
.ute ce-water (180 ml.) and made just acid (to Congo-red) with concentrated hydrochloric acid he 
separated ot! solidified immediately and was hitered off after 4 hour s standing at 0° (filtrate A The 
soled (3 1 gg.) was botled with ethanol (12 mi.), and the solution decanted from a trace of undissolved 
sulphur (0-04 g The solvent was removed in 4 vacuum and the white crystalline residue separated by 


cold acetone, followed by crystallisation, into unchanged es-diphenylithiourea, m. p. 22 226° (0-35 « 


and diphenyicyanamide, m. p. 70-72" (2-1 g 


The clear filtrate A (260 m! ) was evaporated to small bulk and heated on the steam-bath for 3 hours 
The separated oily material solidified on cooling (dry wt. 1-55 g.) and was fractionated as previously 
lescribed, inte ditoiuene-p-sulphony! trisulphide, m. p. 184-—186° (0-45 g.), and p-tolyl toluene-p 


thioieulphonate, m. p 78° (0-72 g.) (odentities checked by mixed m. p. determinations 


In a control experiment a solution of sxlium toluene-p thiolsulphonate (3-15 g., 0-015 mol.) in water 
(100 mi.) and pyridine (20 mi on acidification (to Congo-red) and heating as above deposited an orange 
ml, which solidified on cooling and was separated into the trisulphide (0-72 g.) and thiolsulphonate 
oO we 
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637. The Kinetics of the Oridation of Organic Compounds hy 
Cerve Sulphate. Part 1. The Oxidation of Acetone. 


By J. Sworrer and Six Cyait Hinsari woop 


The kinetics of the oxidation of acetone by ceric sulphate in dilute sulphuric acid have been 
stuched’ by measurement of the reduction of the ceric salt 
The initial rate of reaction is proportional to the concentration of acetone and to that of the 
cere sulphate when these are low, but as either becomes sufficiently high the rate tends to 
become independent of it Over a fairly wide range of hydrion concentration the rate is 
expressible as (a + O/H though at lower acidlities it falls away more rapidly 
(erous salts have no appreciable effect on the oxidation rate 
These results are interpreted im terms of a reaction between the enolic form of acetone and 
various complex tons derived from the ceric sulphate 
bor the oxidation of a molecule of acetone §-6 equivalents of ceri sulphate are required and 
14 molecules of formic acd are produced These results « rrespomd to competing reactions 
lucing H-CO,M + CHYCO,H, and the other 2H-CO,H + CO, 
haniem i« suggested for the whole course of the oxmation 
n of the old hypothess of oxudation by successive hydroxylation 


In recent years considerable attention has been given to the kinetics of the oxidation of organk 
compounds in the gaseous state (¢ ¢, Culls and Hinshelwood, Faraday Soc. Discussions, 1947, 
2, 117 Mulcahy, Trans. Faraday So 1949, 45, S37. 575 Walsh, tid. 1946, 42, 269 

Interesting problems arise in connexion with structure and reactivity and it was thought of 
uiterest to examine some oxidation reactions in solution from this point of view, at the same 
time seeking further information about the effect of alky! groups on reactivity, a much discussed 
topic in physical organic chemistry (see A. G. Evans The Reactions of Alkyl Halides in 
Salutison Manchester Univ. Press, 1946 Shorter and Hinshelwood, /., 1949, 2412 

Preliminary experiments showed that the « on « liphatic ketones by ceric sulphate 
would be a suitable example for in stig ’ ar T ! a detailed study of 
the kinetics of the oxidation of acetone, a: ‘at . irvey of the reactivities of 


a oumber of aliphatic ketones 
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Benrath and Ruland (Z. amorg. Chem., 1920, 114, 267) studied the stoicheiometry and 
kinetics of the oxidation of various compounds, mainly organic acids. The reactions were 
found usually not to be of a simple kinetic order. The oxidation of tartaric, oxalic, malonic, 
and citric acids was shown to be retarded by sulphuric acid, and that of anthracene and other 
hydrocarbons to be accelerated. Fatty acids were unreactive, and formic acid was frequently 
found among products from hydroxy-acids. Willard and Young (J. Amer. Chem. Soc., 1930, 
52, 132) confirmed the unreactivity of the fatty acids and the frequent formation of formic 
acid, and observed that the stoicheiometry of the oxidation of organic acids often did not 
conform to any single reaction and sometimes varied with the experimental conditions 

The oxidation of aliphatic ketones in solution by various reagents has been studied by 
several! authors. The most important work in this field has been on the oxidation by selenious 
acid (Melnikov and Rokitskaya, J]. Gen. Chem. Russia, 1937, 7, 2738; 1938, 8, 1369; 1939, 9, 
1808; 1940, 10, 1713; 1044, 14, 1054, 1059; Duke, /. Amer. Chem. Soc, 1948, 70, 419) 
Lejeune (Compt. rend., 1926, 182, 694) studied the oxidation of organic compounds by potassium 
permanganate, and Petit (Budi. Soc. chim., 1945, 12, 568) their oxidation by potassium dichromate 
These authors, with the exception of Duke, conclude that the oxidation of ketones is preceded by 
enolisation 

Fic. I 
ridation of acetome by ceric sulphate Fie. 2. 
at 70 The dependence of vate om acetone concentration 
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In the present work the oxidation of acetone by ceric sulphate was followed kinetically by 
measurement of the reduction of the ceric salt at 70°. The reaction-time curves are in general 
sigmoid (Fig. 1) corresponding to an apparent autocatalysis. The experiments were made in 
such a way as to yield values for the initial rate, r,, and the maximum rate, r,. These are 
expressed in equivalents of ceric sulphate = 10 reacting per litre per minute. Values of r, will 
be more accurate than those of r,, but depend on complex factors, so that 7, is the best measure 
of the reaction rate. In general, however, r, and 7, show qualitatively the same dependences 

Dependence of Rate on Concentrations of Acetone, Ceric Sulphate, and Hydrion.—-The rate of 
reaction is directly proportional to the concentration of acetone and to that of ceric sulphate 
when these are low. As either becomes sufficiently high the rate tends to become independent 
of it (Pigs. 2and 3). This result suggests strongly that part at least of the reaction involves as 
reacting species active forms produced from the bulk species at a finite rate. When the 
concentration of the reaction partner is low, equilibrium between bulk species and active form 
can be nearly maintained. When, however, the concentration is high enough for all the active 
form to be used up as fast as it is produced, then the rate becomes independent of the amount 
of the reaction partner 

One plausible suggestion about the active form from the ceric sulphate may be rejected at 
once, namely that it is constituted by the free hydroxy! radical produced in the reaction 
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Ce + HO =e Ce! + H* + OH 
which ts definitely not observed 
but catalytic 


This would mmply an ihibitory action of cerous salts, 
Moreover the resultant action of hydrion 1s not inhibitory 


Since the oxidation consists essentially in the transfer of electrons from acetone to the ceric 
species, the active form assumed for the acetone should preferably be negative or neutral rather 
than positive. On this basis the obvious possibilities are the ion CH,CO-CH,” and the enol 
form. For the ceric salt the active species will consist of one or more of the various complex 
ions which will be in equilibrium normally with more abundant species 


Fic. 3 
lhe dependence of vate om cor sulphate comentration. 
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The dependence of t, om Aydrion concentration 





°. 
na 


7 


. 
. 


~ 
a ad 
ied 


—_ 
~ 


10 wits per mitne 


ee 
e 














08 10 


Ne NH, oF Li’ @ NH,° present, HSO, 0-625 
D NH,” present, (HSO, 100 @© Li? present, HSO, 1-00 
fcvtome, O-OoL25— Cel), O-05N H* 0-04N 


Over a fairly wide range of hydrion concentration the rate is given by 


‘. a+bébu (1) 
as shown in Figs. 4 and 5, though at lower acidities the rate falls away more rapidly than 
equation (1) predicts (Fig. 6 


This suggests three ionic species from the ceric sulphate, related as X~, XH, XH,*, and 
having reactivities which imecrease in this order, X 

absolute charge of X is not assumed at this stage 
conditions « 


itself being rather unreactive. The 
lf XH is the predominant constituent under 
{ fairly high hydren concentration, then the dependence of r, on H* 


will be of 
the form required, provided that XH and XH,* react with uncharged acetone’ XH dissociates 


to the unreactive X~ at low hydrion concentrations and the rate then falls rapidly 
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Equation (1), however, can be written in the form 
v= (afH*}? + Op (sje el ee 
s = 0 implies reaction with neutral acetone, and # « 1 reaction with the negative acetone ton 
in equilibrium as follows: CH,CO-CH, == CH,CO-CH, + H’. The second possibility 
would require XH,* and XH,°* as the reactive cenc species 
Fie. 5 
The dependence of t, om hydrion concentration 
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Fie. 6 
The dependence of rate on hydriom concentration 
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The following argument favours the choice of n 0. If the active form of the acetone were 
the negative ion, its concentration would be proportional to (acetone) / H’ Now the full 


active acetone) 


reaction rate expression contains terms of the form the departure of 


1 + @ (active acetone)’ 
the acetone dependence from linearity varying with the value of a If the active acetone 
were proportional to 1/(H"*), a would increase as the acidity dropped, and the order of reaction 
with respect to acetone would tend the sooner to zero the lower the value of [H*). This is the 
reverse of the experimental finding, as is shown by Fig. 7 (where the results are scaled in such 
a way as to coincide at the lowest acetone concentrations). 

According to this argument, when » «0, a would be independent of the hydrion 
concentration. But a term linear in acetone must now be included corresponding to the reaction 
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with the predominant ceric species XH, and this term combined with one of the above form 
leads to a more linear dependence on acetone concentration as the acidity falls, as required 


Fis. 7 
Dependence of 1, om acetome concentration at higher and lower pH 
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If then a neutral form of acetone is postulated, the enol is the obvious choice. So long as 
the removal by oxidation is not fast enough appreciably to affect the enolisation equilibrium, 
the amount present will be indepedent of the hydrion concentration The choice of the enol 
is consistent with the views of the authors quoted above, and would also explain why isopropyl 
aleobol is found to be very unreactive compared with acetone 

Formulation of the Mechanism for the Imtial Attack on Acetone —-The following reactions are 


assumed 
XH 
é 
: 


where HX constitutes the bulk species of ceric sulphate at high H 


’ 
2 XM+H' = XH,’ 


HyCO-CH, CHC (é 
‘<; 5 

H,C(OHpCH, = HyC(OH)? 
“s *« 
OH)ICH products 
. 

HyC(OH)-CH 


. proxducts 


The complete treatment of this system of equations is complicated but unnecessary 
examination of two special cases may be made simply and ts quite adequate 


(asa Hy the usual stationary state method we find 


‘ 


‘ Ry 


AK 


A 


where A and ¢ is the total concentration 
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Caseb. & > & Here we have 
hgh cee (hy + AgKe,) 
RA, Ay + Ryc,) + Rit hy ’ k,) . 
where A hy hy 
When ¢, and ¢, are of comparable magnitude the system will show properties transitional 
between the extreme cases 
For the effect of acetone concentration, f, equation 3) gives 


and (4) gives 
le. fey, where a f are constants 


The former expression describes the effect of acetone concentration actually found in the 
experimental range. It can be seen that the rate is more nearly a linear function of ¢, the lower 
the hydrion concentration, ¢,, in correspondence with the progressive recession of reaction 6 

For the effect of ceric sulphate concentration, ¢, the expression (3) gives 7, = ac, while (4) 
Kives 


be (1 d 


The latter predicts a tendency towards independence of r, and ¢ at higher values of the latter 
For the influence of hydrien concentration, ¢,, equations (3) and (4) vield 


a, 


d+ e 
1 + be, ’ 


When c, ts large, the expression becomes r, ad/b + aec,/b but at lower hydrion concentrations 
r, becomes more dependent on it, as found experimentally 

Tentative Identification of the Reacting Ceric Species —The state of ceric sulphate in dilute 
sulphuric acid was investigated by Jones and Soper (/., 1935, 802). lonic migration 
experiments over a wide range of concentrations showed the ceric sulphate to be in the form of 
an anionic complex. Electrometric titrations indicate generally that at fairly high hydrion 
concentrations the predominant form is H,Ce(SO,),-OH, this acid being strong in its first and 
second dissociations but weak in its third. Titration of the third hydrion seems to begin in the 
vicinity of pH 1. Above pH = 1 ceric sulphate is thus in the form of an anion 
HCe(SO,) OH” ~, and this may be identified with the species which has been designated XH. 

The onset of the titration of the third hydrion may reasonably be correlated with the rapid 
fall in the rate of oxidation of the acetone when [H*) is less than 0°05. The change in the light 
absorption of ceric sulphate solutions at (H*) ~0°2, reported by Jones and Soper (and confirmed 
in the present work), is presumably due to similar causes. X™~ might thus be identified as 
Ce(SO) OH , though reaction | above is probably an over-simplified expression of what 
occurs in cernc sulphate solutions at high pH, further hydrolysis of the ceric sulphate and possibly 
colloidal phenomena anticipating precipitation playing some part in the rapid fall of the 
oxidation rate 

The very active species XH,* might then be identified as H,Ce(SO,),°OH At fairly high 
hydnon concentrations lithiurn and ammomum salts exert a slight mbibitory action (Pig. 4), 
an effect which might be interpreted as an electrolyte influence on the equilibrium 
HCe(S0) OH + H* == H,Ce(SO,),°OH Ammonium salts appear to exert a greater 
retarding influence than lithium salts, possibly by a specific electrolyte effect on this equilibrium, 
though possibly also by actual complex formation 

The Course of the Oxidation of Acetone by Ceric Sulphate.—86 Equivalents of ceric sulphate 
are used and 14 molecules of forme acid are produced for each molecule of acetone oxidised 
The former quantity is independent of the ratio of ceric sulphate to acetone. 

The simplest set of reactions which will account for these results is 


(a) CHyCO-CH, + 30 = CHyCO,H + H-CO,H 

(6) CHyCO-CH, + 60 « 2H-CO,H + H,CO, 
60%, of the acetone following (a) and 40% following (6). This assumption predicts 84 
equivalents of ceric sulphate and 1°4 molecules of formic acid, very nearly as required. The 


fatty acids were shown to be unreactive 
The whole course of the reaction may now be considered in the light of (1) the mechanism of 
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the initial attack, (2) the above interpretation of the stoicheiometry, (3) available knowledge 
concerning the behaviour of possible intermediates, and (4) general considerations governing 
the probalnlity of reaction steps 

The products formed in reaction (4) could arise by the following stages: CH,CO-CH, —> 
CHyCO-CHyOH —» CHyCO-CHO > CH,CO,H + HCO. The first of these, for 
example, could easily come about if the ceri complex removed successive electrons leaving 
structures which would be able to capture hydroxy! tons from the aqueous medium 


i) CHyC(OH)ICH, + Cet > CHyC(OH)CH, + Ce™ 


CHyC(OH/)CH, + H,0 > CHYyC(OH),CH, + H* 
CHyC(OH) CH, : > CHyC(OH) CH, + Ce 
iw) CHYC(OM)yCH, + HO—» CHyC(OH) -CHyOH + H’ 


The acetylcarbinol hydrate formed in the last reaction can lose water to yield acetylcarbinol 
itself of the enol The latter in its turn would then undergo an analogous series of reactions 
leading to methylglyvoxal There is no direct evidence regarding the course of oxidation of this 
substance, but by analogy with diacetyl, pyruvic acid, and oxalic acid where oxidative fission 


0, HO 
of the central C-C bond seems to occur, «¢g, CHyCO-CO-CH, > 2CH,CO,H, it is 


reasonable to suppose that methylglyoxal will undergo the reaction: CH yCO-CHO ——> 
CHyCO,H + HCOOH, and that, like the oxidation of diacetyl, the process will be almost 
instantaneous at 70 

There are variants of [i iv) which, however, do not change the essential nature of the 
processes reapresented 

The alternative (5) above can be accounted for by the assumption that about 40% of the 
acetylicartinol hydrate loses water to form the alternative enol, ( Hx (OH)CHyOH This in 
turn could yield CH, (OH)-CO-CHO, which may reasonably be supposed to suffer oxidation to 
giycollc and formic acids. Willard and Young (loc cit.) found that the former was oxidised 
according to the equation: CH,(OH)-CO,H + 20 > H-CO,H + H,CO, The final result 
would thus be that of reaction (5) 

It will be noted that the mechanism which has been proposed is in accordance with the 
classical formulation of the oxidation of organic molecules as a process of successive 
hydroxylation 

tutocatalytice Nature of the Oxidation of Actions The first intermediate products must 
possess a reactivity comparable with that of the acetone itself They yield in their turn, how- 
ever, products such as methyighyoxal which are oxidised very rapidly Thus as reaction 
proceeds the rate of consumption of the ceric salt increases. The acceleration is of course 
ultimatety balanced by the general fall in concentration 


EXPERIMENTA! 


M alevials The r« sulphate used was described as low in other rare earths,” and analysis 
showed that Ce(S0O),), comstituted 01-5%, of the soluble solid matter Benrath and Ruland (loc. cat 
found that small amounts of other rare earth sulphates did not affect the rate at which ceric sulphate 
attacked organic compounds It was found in the present work that technical ceri sulphate containing 
317%, of Ceis0),), gave essentially the same results as the purer material Cerve sulphate solution was 
usually made up to be O Is as an oxsdising agent in 2n-sulphuric aced and standardised with 0-IN-ferrous 


ammonium sulphate solutien 


The purity he acetone (from its tusulphite compound) was checked by determination of refractive 
index 


Nimet p thew Two techniques were employed for measurement reaction rate. In ome (A), 
large samp! ctants were allowed to attain 70° in the thermostat and 10-ml. portions were mixed 
m tubes ther (1), 10-ml. portions were measured at room temperature into tubes of special 
demgn which permitted the solutions to be kept apart while attaining the thermostat temperature and 
then to be mixed wery rapedly Bi was found to be the more convenient and was generally used. In 
either case the tubes were removed at appropriate times and their contents were poured into « old water, 
the resxtua!l ceric sulphate being determined by titration with ferrous ammonium sulphate solution, 
with N-phenylanthranilic acid of ferroin as indicator The strengths were such that the titre for 


10 mi. of the cere sulphate solution was #) m/ 

From «ix t mine tubes were weed in each experiment Amount of reaction was expressed as 
equivalents of cern sulphate « 10° reyeting per litre in drawing of curves such as Fig. 1 a small 
correction at the origin, determined expevimentally, was made for autodecomposition of the ceric sulphate 
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during the time when the solutions were warming to 70°. The rate of the autodecom tom was 
hot great enough in comparison with the oxidation rate to necessitate correction of the values for +, or 
To 1%, was evaluated from the slope of the tangent at the origin, and +, from the considerable linear 
portion of the graph. 

Storchesvometry.— For the determination of the amount of ceric sul te used per molecule of acetone 
mixtures initially 6-05~x. in ceric sulphate, 2-00n. in sulphuric acid, and from 0005 to 0-00125m. in 
acetone were employed. After varying numbers of days at 70° the excess of ceric salt was determined 
Parallel! experiments on the autodecomposition of ceric sulphate showed that this was not great enough 
seriously to affect the results. The action of ceric sulphate on the lower fatty acids, pyruvic acid, and 
diacety! was also investigated by this method 


Fatty acid was detected in the products of oxidation by the ferric chloride test (Vogel, Qualitative 
Chemica! Analysis,” Longmans, Green and Co. Ltd., 1941, p. 306, 308) Formic acid is unique among 
the fatty acids in being easily oxidised by potassium a a: and it was determined in this way 
essentially according to the details quoted by Voge! Quantitative Inorganic Analysis,’ 
Longmans, Green and Co. Ltd, 1943, p. 361). The applicability of the method in the present 
circumstances was examined by experiments on control mixtures, and certain alterations of procedure 
were found necessary. A mixture which had —_ allowed to react to completion was rapidly neutralised 
at 80° with solid sodium carbonate. The precipitated cerium carbonates and hydroxides were removed 
by filtration, the filtrate having a very pa _ low colour which indicated that the precipitation of the 
cerium was incomplete. The amount left, however, did not seriously affect the results of control 
experiments. The formic acid in the filtrate was then determined with 0-01n-potassium permanganate 
The results were reproducible and, according to the controls, should be reliable to well within 01 
molecule of formic acid per molecule of acetone 


Hydrion Concentration of Solutions of Sulphuric Acid and Suiphates.._The effect of hydrion 
concentration on the rate of oxidation was investigated by the use, as solvent, of sulphuric acid solutions 
and mixtures of sulphuric acid with ammonium or lithium sulphate. The range that could be studied 
was limited by the precipitation of ceric salt at low acadities he hydrion concentrations of the various 
solvents were calculated approximately from the value of the second dissociation constant of sulphuric 
acid at 70 This was obtained by extrapolation of values for A, over the range 5° to 55° given by 
Harned and Owen (" The Physical Chemistry of Electrolytic Solutions,” Reinhold, New York 1943, p 
580) 


The hvydrion concentration calculated in this way should be corrected for the effect of the ceri 
sulphate. but this would be small and would not change the general nature of the results, In particular 
it could not be invoked to account for the departure from the first order in respect of ceric sulphate at 
high concentrations. The nature of this salt is such that the hydrion concentration will be increased by 


raising the concentration of cerium, and this will tend to mask rather than to accentuate any departure 
from the first order 
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638. Peroxides of Tetrahydrocarbazwle and Related Compounds. 
Part II. 


By R. J. S. Beer, L. McGratn, and ALEXANDER Ronertson 


Following the recognition of formula (I; R H) for the reduction product, m. p. 153°, of 
tetrahydrocarbazoly! hydroperoxide (Part I, /., 1950, 2118) the structure (1; RK « OH) for the 
hydroperoxide is afirmed. With the aid of its benzoy! and methy! derivatives the amphoteri 
compound, m. p. 330° (decomp ), obtained from (I; K OW), has been shown to be 4-hydroxy 
2 S-evclepentenoquinoline (IV of V) and not the isomeride (V1). A comparison of the 
ultra-violet absorption spectra of (1V), (VI), 1:2: 3: 4-tetrahydroacridone, and carbostyril 
supports this conclusion 


he decomposition of the hydroperoxide (X; R = OH) of cyclopentanespivo-2-(4 
tetrahvdro-¢-indoxy!) with alkaline agents has been examined 


From the available evidence it was concluded in Part I (J., 1950, 2118) that tetrahydro- 
carbazolyl hydroperoxide had either formula (I; R « OH) or formula (I1; R « OH), of which 
(1; RK = OH) was considered the more probable. On reduction with sodium hydrosulphite 
(dithionite) the peroxide gave a compound, m. p. 153° (Plant and Tomlinson, /., 1933, 208) 
which behaved as a primary aromatic amine in acid solution; Plant ef al. (Nature, 1950, 16, 
928) (cf. Patrick and Witkop, ]. Amer. Chem. Soc., 1950, 72, 633) have now concluded that this is 
1: 2: 3: 4-tetrahydro-1l-hydroxycarbazolenine (1; K = H) and not 1: 2:3; 10-tetrahydro- 
10-hydroxycarbazole (Il; R = H); the empirical formula of the azo-dye (111) formed from its 
diazonium salt and $-naphthol has been shown to be C,,H,.O0,N, and not C,,H,,O,N, originally 
proposed by Plant and Tomlinson (Joc. ci#.). Our conclusions regarding the structure (1; K 

H) ior the compound, m. p. 153°, are in agreement with those of Plant e¢f ai. (/oc. cit.) but we have 
invariably found that the azo-dye (III) has m. p. 165° and not m. p. 143°, and have confirmed 

10a 
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its ketonic nature by preparing the oxime Consequently it is now clear that tetrahydro- 
carbazolyl hydroperoxide has the formula (1; K « OH) which we provisionally adopted (Nature, 
1949, 164, 362). The apparent behaviour of this hydroperoxide as a secondary amine has been 
re-examined. When a solution of the compound in mineral acid is treated with nitrous acid 
some yellow ether-soluble product is formed but the mixture behaves as if it contains a diazonium 
salt and gives a red colour with §-naphthol. Thus, as regards its basic properties, the bydro- 
peroxide resembles the alcohol (1; K « H) 


OR HO Ou v 


. ZgKA/ y an MY, \/ 
} *, A ° . XR / a Wa won 
“hl WNC, Hong “ht re 
1) OR 


a (UL) (Iv) (vo (VI) 


By the action of aqueous sodium hydroxide on (1; K = OH) there is formed a weakly 
acidic (phenolic) base C,,H,,ON, m. p. ca. 330° (decomp.) (Part I, loc. cit), which has a red 
ferric reaction in alcohol but does not react with nitrous acid. On benzoylation in alkaline 
solution this amphoteric compound yields a product which, since it has basic properties but is 
insoluble in aqueous alkali, i clearly an O-benzoate. By the methyl sulphate-alkali or methyl 
wdide-potassiom carbonate method the amphoteric compound yields a basic methyl derivative 
which, although it gives a negative Zeisel and methylimiude estimation may well be an N-methyl 
rather than a C-methyl derivative. From an examination of the literature it appeared that the 
amphoteric compound, m. p. ca. 330° (decomp.), was either 4-hydroxy-2 : 3-cyclopenteno- (IV) or 
(V), m. p. 327°, or, less probably, 2-hydroxy-3 : 4-cyclopenteno-quinoline (VI), m. p. 256°, which 
have been synthesised and formulated by Blount «f af (/., 1920, 1975) who, however, did not 
record the acid-base properties of their products or prepare derivatives. A comparison of the 
amphoteric compound from the peroxide with (IV) obtained by direct synthesis and of their 
respective benzoyl and methyl! derivatives showed conclusively that they are identical 

Although the compounds (IV) and (VI) clearly had the structures proposed by Blount ¢t al 
(loc. est.) it seemed advisable, in view of the recent communication of Witkop (/. Amer. Chem 
Soe, 1960, 72, 1428), to obtain further evidence. This author has assigned formula (V1) toa 
compound, m. p. 208° (with blackening), obtained by the action of alkali on a rearrangement 
product (VII) of tetrahvdrocarbazoly! hydroperoxide. In agreement with its properties and 


, OH Me OR oO 
47 ‘ 
Cl we XY Jou Gua 
V™ 4 N Sw NS 
(VIL) (VILL) (IX.) (xX 
syathews from authentic cyclopentanone-2-carboxyanilide it has now been confirmed that 
Hiount ef al “s compound, m. p. 256" (m. p. 262°, in present work), has formula (VI Further, in 
its amphoteric properties and its ferric reaction the compound assigned structure ([V) resembles 
4-hydroxy-2-methylquinoline (VIII) rather than 2-bydroxy-4-methylquinoline (IX) Moreover, 
a comparison of the ultra-violet absorption spectra of (IV) and of tetrahydroacridone (see figure), 
which is obtained unambiguously from anthranilic acid (Tiedtke, Ber, 1909, 42, 624), clearly 
shows that the two compounds have related structures. On the other hand, the spectrum of 
V1) resembles that of carbostyril (Morton and Rogers, /., 1925, 127, 2608 It is possible that 
the compound, m. p 208° (with blackening), obtained by Witkop is essentially the amphoteric 
4-hydroxy-2 : 3.cyelepentenoquinoline (1V) and consequently that the rearrangement of the 
peroxide (1; K OH) to (1V) in alkaline solution may take place by way of the intermediate 
(VI1) isolated by Witkop (loc. cit.) 
The ultra-violet absorption spectrum of the methyl derivative of 4-hydroxy-2: 3- 
yelepentenoquinoline resemies that of the parent compound, a result which we believe supports 
the N-methyl structure for this compound since it has been shown (private communication from 
Professor KR. A. Morton, F_R.S) that the ultra-violet absorption spectra of 4-hydroxyquinolines 
and their N-alky! derivatives resemble one another and are different from the spectra of the 
O-alky! derivatives 
The formation of (IV) from tetrahydrocarbazole by peroxidation and subsequent rearrange- 
ment of the product is an example of the conversion of an indole into a quinoline system under 
comparatively mild conditions. Superficially, at least, the process resembles the well-known 
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conversion mm vivo of tryptophan into kynurenic acid (see Neuberger, dwn. Reports, 1944, 
41, 237): 


ou 
CH, CH-00,H ,\ 
4 NH, \ ~ nv OH 


Changes of this type may well prove to have some bearing on the problem of the biological origin 
of the quinoline nucleus and in this connection it is of interest to note the suggestion of Gouteral 
et al. (Helv. Chim. Acta, 1950, 33, 150) that cinchonine and the indole alkaloid cinchonamine may 
be related biogenetically 

Absorption Spectra 





45, 











4-Hydroxy-2 : 3-cyclopentenoquinoline 
1. 2:3: 4-Tetrahydroacridone 
2-Hydroxy-3 : 4-cyclopentenoquinoline 
Methyl derivative of | 


(AL absorption measurements were made in alcohol solution 


The peroxide (X; K = OH) derived from cyclopentanespiro-2-(4 : 5: 6; 7-tetrahydro-¢- 
indoxyl) (Part I, Joc. cit.) has been found to give the corresponding alcohol (XN; R « H) on 
treatment with alkalis, alkaline sodium dithionite, or sodium sulphite. Unlike (1; R OW) 
this peroxide (X; R = OH) does not undergo rearrangement with alkali and under the conditions 
required for the conversion of (1; R = H) into cyclopentanespiro-2-4-indoxy! the alcohol (X ; 
K H) is recovered unchanged, whereas more drastic treatment gives intractable products 


EXPERIMENTAL. 


1 2: 3: 4-Tetrakydro-11-hydroxycarbazolenine (1; RK = H).--This compound was diazotised and 
coupled with §-naphthol (Plant and Tomlinson, /., 1933, 208), and the resulting azo-compound crystallised 
from ethyl aleohol, forming . prisms, m. p 165° (Found: C, 73-3; H, 5&3; N, 70. Cale. for 
CyH,O,N,: C, 73-3; H, 5-6; N, 78%) (Plant ef al., loc. cit., gave m. p. 143°). On being heated with 
hydroxylamine hydrox hloride (1 g.). sodium acetate (3 ¢.), alcohol (40 ml.), and water (10 mil.) on the 
steam-bath for § hour this azo-derivative (1-05 g.) gave the oxime (0-9 g.) which formed a mass of slender 
red needles, m. p. 240° (decomp.), from much alcohol (Found; C, 702; H, 56; N, 112. C,,H,,O,N, 
requires C, 70-4; H, 56; N, 11-2%) 


4-Hydroxy-2 : 3-cyclopentenoguimoline (IV).—(a) Prepared from tetrahydrocarbazoly!l hydroperoxide 
this compound, m. p. 330° (decomp.) (Part I, loc. ett.) (25 g.), was methylated with »-sodiam 
hydroxide (40 ml.) and methyl sulphate (3 mil.; added during # minutes), and the mixture warmed 
on the steam-bath for 10 minutes. The methyl derivative (2-2 g.), m. p. 218°, which separated from the 
cooled reaction mixture, was recrystallised from water, forming hydrated colourless, slender, silky 
needies, m. p. 219-——-220°, soluble in dilute mineral acids, and insoluble in aqueous — Found, in 
specimen dried in a high vacuum at 80°: C, 78-2; H,6-5; N, 7-6: M (Rast), 190-3. C,,H,,ON requires 
C, 784; H, 65; N, 70%; M, 199). 


The interaction of 4-hydroxy-2 : 3-cyel line (0-5 g.) with benzoyl chloride (1 mi.) m 
x-sodium hydroxide (10 ml.) gave a sticky am which was dried and extracted with botling light 
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in nearly quantitative yield to the amine (II); and this, on diazotisation and addition of copper 
bronze, gave 11-methoxvfluoranthene (I11) (52%,) 

Preparation of 10-methoxyfluoranthene has proved difficult. 2-Bromo-3-nitroanisole has 
been successfully condensed with l-iodonaphthalene to give 1-(2-methoxy-6-nitropheny!)- 
naphthalene (IV; R = OMe), but the yield was so low (2%) that work along the lines used for 
the synthesis of (111) was discontinued. It is probable that the presence of two substituents 
ortho to the bromine atom is sterically hindering reaction. One can avoid this drawback by 
using 3-bromo-2-nitroanisole ; and work is in hand with the object of condensing this compound 
with |-iodonaphthalene 

Attempts to prepare 10-carbomethoxyfluoranthene by a method similar to that described 
for ll-carbomethoxyfluoranthene (Tucker and Whalley, /oc. cst.) failed for another reason 
Methy! 2-bromo-3-nitrobenzoate was heated with |-iodonaphthalene in presence of copper, but 
in this case the bromine atom, instead of being sterically hindered, was, as expected, greatly 
activated by the o-nitro- and o-carbomethoxy-groups. Consequently, the main product was 
dimethyl 2 . 2’-dinitro-6 ; 6’-diphenate. Chromatography removed, however, a deeper yellow 
crystalline materia! from the main product, and this proved to be the desired 1-(2-carbomethoxy 
6-nitrophenyl)naphthalene (IV; K = CO,Me). The corresponding methyl 2-chloro-3-nitro- 
benzoate failed to react 

The condensation of 1l-chloro-2 : 6-dinitrobenzene with l-iodonaphthalene gave 1-(2 : 6- 
dinitrophenyl)naphthalene (1V; R = NO,), with which work is in progress 


EXPERIMENTAL 


4-Amino-3-nitroanisole was prepared by acetviating p-anisidine by means of acetic anhydride in 
aqueous emulsion, and nitrating the p-acetanimidide (cf. Reverdin, Ber., 1896, 29, 2505) as follows 
f- Acetanisidide (37 g.) was treated with a mixture of concentrated nitric acid (15 ml.) and water (135 ml.) 
and gradually heated nearly to boiling; the mixture eventually boiled without further heating. If the 
temperature rises too high, much tarring occurs. On cooling, a brown oil with yellow crystals separated ; 
the whole was crystallised from hot water to give yellow needies of 4-acetamido-3-nitroanisole, m. p 
116—117° (18 g., 38%). Hydrolysis with ethanolic potassium hydroxide gave 4-amino-3-nitroanisole, 
from which by a Sandmeyer reaction 4-bromo-3-nitroanisole was obtained (yellow needles, m. p. 32°) 
Application of Hodgson and Walker's method (/., 1933, 1620) gave a tar at the last stage 


1-(4-M cthory-2-nitrophenyl) naphthalene (1 l-lodonaphthalene (12-5 g.), 4-bromo-3-nitroanisole 
(11-6 g.), and copper bronze (12-5 g.) were heated together in an oil-bath for 4 hours at 170° with 
vigorous stirring. Extraction with ether, evaporation, and crystallisation of the residue from methanol 
gave yellow stellar crystals of 1-(4-methory 2-nitrophenyl naphthalene (1), m. p. 103-—104° (6-9 g., 50%) 
(Pound: C, 73-3; H, 40; N,&2. C,,H,O,N requires C, 73-1; H, 47; N, 50% 


1-(2-A mino-4-methoryphenyl naphthalene (11).—The above nitro-compound (2-78 g.) was reduced by 
hydrogen—Raney nickel (1 g.) in ethanol (20 ml., previously distilled from Kaney nic ke!) in 45 minutes 
The botled mixture was hitered, and the ethanol solution concentrated. Ke-extraction of the nickel with 
bowling ethanol (2 x 10 mi.) gave another considerable crop (total yield, 2-38 g.. 95%) of plates of 
1-(2-amino-4-methoxyphenyl naphthalene, m. p. 110-113" (Found. C, 81-6; H, 61; N, 5&7, C,,H,ON 
requires C, 81-9; H,@1; N, 5-6%,) 


11-Methoxryfluoranthene (111 The above amine (Il) (2:32 g.) was diazotised by means of sodium 
nitrite and dilute hydrochloric acid, and the solution warmed with copper bronze (1 g.) on a boiling-water 
bath for | howr. The copper became covered with tar, it was washed with water and extracted with 
acetone (4 x 10 mi After evaporation, a brown oi! was left which was dissolved in benzene, and the 
solution was chromatographed (alumina sae gendee crystallised from light petroleum (b. p. 60- 
80°) and then from ethanol, gave ll-methoxyfiuoranthene as pale green flakes, exhibiting a green 
fluorescence in daylight, softening at 120°, melting at 123-—124° (1-3 g , 52%), (Found C, 87-6; H, 54 
C,,H,gO requires C, 87-0; H, 52%). 1-(p-Methoxypheny!l)naphthalene has m. p. 116-5" (Howell and 
Robertson, /., 1936, 587) 11-Methoxyfluoranthene gave a prcrate as orange-red needies (from ethanol), 
m. p. 132..134° (Found: C, 507, H, 35. C,,H,,O.C,H,O.N, requires C, 59-90; H, 33%). 2:54:77 
Trinitrofluorenone gave a complex as bright scarlet needles (from ethy! acetate), m. p. 185-186" (Found 
C, 656; H, 29. C,,HyO.C,H,O.N, requires C, 65-5; H, 31%, 


1-(2-Carbomethory-6-nitrophenyl) naphthalene (IV; Ro = COMe).—2-Bromo-3-nitrobenzoic acid (Org 
Synth., Coll. Vol. 1, p. 124) was converted into its methy! ester by saturating its methanolic solution with 
hydrogen chloride and boiling the solution under reflux whilst hydrogen chloride was slowly passed 
through it during 2 hours. Methy! 2-bromo-3-nitrobenzoate (2-6 g ), l-iodonaphthalene (2-5 g.), and 
copper bronze (2-5 g.) were heated in an oil-bath at 120° for 1-5 hours during which the liquid solidified 
to a greenish-brown solid. It was extracted with light petroleum (bp. 60—-80"), and the solid obtained 
on evaporation was chromatographed (benzene-alumina). The main fraction proved to be dimethyl 
2 2’-dinitro-6 : 6’-diphenate ; but a small band of the chromatogram on crystallisation (light petroleum. 
b. p. 60—80") gave a few deep yellow crystals of 1-(2-carbomethoxy-6-nitrophenyl naphthalene crystallising 
from benzene—light roleum (b. p. 60-80") in wd yellow, thick, hexagonal plates, m. p. #001" 
(Found : C, 71-2; H, 4-2. C.cll, 0,8 requires C, 35; H, 43%). 


Rade pret my Fm (IV; R « NO,).—1-Chioro-2 : 6-dinitrobenzene (preparation to 
be described shortly) (10 g.), iodomaphthalene (1-25 g.), and copper bronze (1-25 ¢.) were heated at 120° 
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im an cilb-bath for 2 hours. After the usual extraction with ether, methanol gave yellow rads of 
1-(2 6-demsirophenyl naphthalene, m p. 157-150" (5 g., 34%) (Pound Cc, 6625. H. 33. N, 03 
Cy gH yO, requires C, 653, H, 34. N,%5%) Under comparable conditions (16 /3 hours) 1-brome 
2 . 6-dimitrobenzene gave 2 2: 6 : @ -tetranitrodipheny! (30%) 

1-(2-Methory-6-astrophenyl)maphthalene (IV. RK « OMe) —2-Bromo-3-nitrophenol (Schleper, Ber 
1802, 86. 552) (5 ¢.) and potassium hydroxne (4 g.) were dissolved in methanol (100 ml), and methy! 
exficdde (11:7 « ) was added. The solution was boiled under reflux until decolourised. Distillation left a 
yellow mass, which was cleared of o1l on porous plate After being ground with water, it was crystailised 
from ligrowm (b p. 40.00"), forming needles, m. p. 103-104" (3-5 g., 66%), of 2-bromo-3-nitroanisole 
The use of methy! sulphate in place of methy! iodide and in absence of methanol gave a low yield (19%) 
(et. Piatt, Ber, 1883, 16, O14 

2- Bromo-3-nitroantsole (2 g.), l-iodonaphthalene (2-2 ¢ ), and copper bronze (2-2 g.) were heated at 
200° tor 2 howrs. The dark brown prodect was extracted with ether, the extract evaporated, and the 
reskivue chromatographed (benzene-alumina) to give miéer aia a yellow band which fluoresced im ultra- 
vielet light it was eluted, and gave (from ethanol and then light petroleum, b. p. 6080") pale yellow 
crystalline balls (008 g . 2%) of 1-(2-methory-6-nitrophenyl)naphthalene (Found C, 7340; H. 46 
N.61 C,,H yO N requires C, 73-1, H, #7 N, 50%) 


The preparation of 1-(2-methoxy -6-nitrophenyl)naphthalene was carried out by Mr. K. W. Chappell, 


BS Wethank Mr |]. M L. Cameron and Miss K H. Kennaway for microanalyses 
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640. Synthesis of Fluoranthenes. Part VI. Utilization of the 
Mannich Reaction. 
By H. W. D. Srupsas and S Horwoop Tucker 


Methy! fuorene-®-carboxylate reacts with vinyl ketones, CHSCH-COR (K Me or Ph), or 
with the quaternary salts of the corresponding Mannich bases, R,N-CHyCH,COR’ (R’ 
Me of Ph), to give 2-(9-carbomethoxy-9 fluorenyljethyl methy! and phenyl ketones. From these 
two ketones 4-methy!. and 4-pheny!-flucranthene have been synthesised 


SUCCESSFUL attempts have been made to prepare bisfpertphenylenenaphthalene ; these will be 
communicated shortly. For this work we needed 4-phenylfluoranthene, but the published 
method (von Braun and Manz, Ber, 1937, 70, 1610)—-the action of phenylmagnesium bromide on 
4-keto-l 2° 3: 4-tetrahvdrofluoranthene, etx suffered from several disadvantages These 
were overcome to some extent by an mmproved method of preparing the last compound 
A. Campbell and Tucker, J/., 1969, 2623), but a more direct synthesis of 4-phenylfluoranthene 
has now been effected, and is desenbed below 

Fluorene undergoes the normal Michael reaction with one molecular equivalent of an 
aS-unsaturated ketone such as mesity! oxide, chalcone, or benzylideneacetone (Maitland and 
Tucker, /., 1929, 2559; France, Maitland, and Tucker, J], 1937, 1739; Tucker and Whalley, 
j., 1949, 50; N. Campbell and Fairfull, /., 1949, 1239, see also Taylor and Connor, ]. Org 
Chem, 1941, 6, 696, Pinck and Hilbert, J]. Amer. Chem. Soc., 1946, 68, 2015); but in practice 
the method is not general—it has to be varied to suit each particular ketone k mployment of 
@-fluoreny!-lithium extended the applicability of this reaction (Tucker and Whalley, Joc. cit 
We have now found that the simple unsubstituted a$-ursaturated ketones, methyl and phenyl 
viny} ketone, do not combine with fluorene, the reason being that under the alkaline conditions 
prevailing to effect the Michael addition reaction the viny! compound polymerises before addition 
can take place This is im striking contrast to the great reactivity of vinyl cyanide, which 
not only undergoes the Michael addition reaction with fluorene, but reacts with both the 
O-hydrogen atoms to give the di-addition product, 9: 9-di-(2<yanoethyl)fluorene (Bruson, 
]. Amer. Chem. Soc, 1942, 64, 2457 On the other hand, 2-methylvinyl cyanide (crotono 
nitrile) combanes with fluorene directly in 1: | molecular proportion (Bruson, Joc. cit.) ; but there 
is no comparable example. It was on account of these results that we turned to the use of 
the fluorene-9-carboxylic esters, which have-—as far as the Michael reaction is concerned—two 
advantages: they possess only one reactive hydrogen atom, and that more reactive than either 
f the two hydrogen atoms at position 9 in fluorene (Tucker, /., 1949, 2182; A. Campbell and 
Tucker, ibid, p. 2¢ ct. N. Campbell and Fairfull, loc. cit., who showed that 9-phenyl- and 9 
hydroxy-fluorene underwent the Michael reaction with vinyl cvanide Condensation of flauorene 
B-carboxyhe esters with aS-unsaturated ketones and cyanides has been uniformly successful, 
qualitatively and quantitatively, in providing 1: | adducts uncontaminated by 1: 2 addition 


products Furthermore, this method ts valuable not only on account of its wide applicability but 
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because the products readily give definitely oriented derivatives of fluoranthene (Tucker, /oc. ct. ; 
A. Campbell and Tucker, Joc. est.). We now find that although, as stated, methy! and pheny! 
vinyl ketones do not react with fluorene, they do so with methyi fluorene-9-carboxylate to give 
the expected products 2-(9-carbomethoxy-9-duorenyljethy!l methyl ketone (1; RK « R’ « Me) 
and the corresponding phenyl ketone (1; K «= Me, R’ « Ph), respectively, in good yield 


Methy! a) CHOCH COR } Hyctrod 
fluorene-0 ——— - - 


> \ > ®/\ 
carboxylate (%) B,"NRKCH,CH,CoK’)® CO, t 


\ 
CH yCH,COR’ H CH,/CH,COoR’ 


H,SO,-HOAc s x 
; H.C CHR’ 
H CHyCH/CHR*OH y 
CH, 
(mm! (Iv) 


Vinyl compounds are, however, in general, prone to polymerise; accordingly, we turned 
our attention to the preparation of Mannich bases (Blicke, ‘ Organic Keactions,"’ 1942, I, p. 303), 
which, as is well known, can when appropriately treated give viny! ketones, or, better, may 
be used directly in place of vinyl derivatives. For instance, it was found by du Feu, MeQuillin, 
and Robinson (/., 1937, 53) that methiodides of Mannich bases condensed with the sodio- 
derivatives of reactive methylene compounds to give the same ketones as those derivable by 
the Michael reaction of the methylene compound and the vinyl ketone corresponding to the 
Mannich base. We have found, in fact, that methyl 2-morpholinoethy! ketone, after conversion 
into the methiodide, reacted with methy! fluorene-9-carboxylate to give 2-(9-carbomethoxy-9- 
fluorenyljethy! methy! ketone (1; K = R’ « Me). In preparation of the methiodide care was 
taken to remove excess of methyl iodide. This was found to be necessary since use of methyl 
sulphate instead of methyl iodide in this reaction gave methy! 9-methylfluorene-9-carboxylate 
as sole product—clearly, the competitive methylation reaction of MeSO,” on the fluorene ester 
took place exclusively. On the other hand, the Mannich base, 2-licthylaminoethyl phenyl 
ketone gave a quaternary salt with methyl! sulphate which reacted normally with methyl 
fluorene-9-carboxylate to give 2-(9-carbomethoxy-9-fluorenyl)ethy! phenyl ketone (1; R « Me, 
K’ «= Ph). That there is no fundamental difference in mode of reaction of the two Mannich 
bases 1s shown by the fact that, as mentioned above, when the quaternary salt is free from 
methylating agent the methyl keto-compound reacts in the same manner as the pheny! keto- 
compound, It may be that the incipiently-formed vinyl compound from the latter is liberated 
much more rapidly than from the former, thus cutting out the competitive methylation process 
It is clear that in reactions of these Mannich salts with fluorenecarboxylic esters, methy! 
sulphate is, in general, to be avoided 

Michael addition of the free viny! ketones to methy! fluorene-9-carboxylate was carried out 
in dioxan, 0°2 mole of potassium hydroxide being used. As found in earlier researches (Tucker, 
loc. cit.; A. Campbell and Tucker, Joc. cst), increasing the amount of potassium hydroxide to 
one equivalent lowered the yield of addition product. The addition products were converted 
into 4-methyl- and 4-phenyl-fluoranthene by the series of reactions indicated by (I)—(V) 
Reduction of (Il; R’ = Me or Ph) by aluminium isopropoxide in isopropanol gave (111), which 
readily cyclised in a mixture of concentrated sulphuric acid and glacial acetic acid to (IV; 
R’ = Me or Ph). Attempts to cyclise (II) by means of hydrogen bromide, so successful with 
analogous compounds, failed (cf. Bradsher and Smith, /. Amer. Chem. Soc., 1943, 66, 854, 1643; 
Bradsher and Kittila, ibid., 1950, 72, 277; France, Tucker, and Forrest, loc. cit.). King closure 
of (II; R‘ = Me) to give (IV; KR’ «— Me) was effected in poor yield by boiling it in glacial acetic 
acid with hydriodic acid solution. We have already shown that, when there are substituents 
on the carbon atoms 2 and/or $ to the keto-group, cyclisation by means of hydrogen bromide or 
iodide is easy 

Attempts to effect cyclisation of amines corresponding to the carbinols (111; NH, in place of 
OH) failed. The amines were prepared by hydrogenation of the oximes of (I1) (Hartung, 
J. Amer, Chem. Soc., 1928, 8, 3370; 1931, 63, 2248; Fodor ef al, J, 1948, 885, 1040, 1681) 
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Dehydrogenation of (1V, K’ — Me or Ph) was accomplished either by boiling it with 
chioraml m xylene solution (Clar and John, Ber, 1930, 63, 2067: 1931, 64. 98. Tucker, /, 
1949, 2182), of by heating it with sulphur 

Although fluorene-?-carboxylic acid is now readily available (Yost and Hauser, /. Amer 
Chem. Soc, 1947, 68, 2326; Tucker and Whalley, loc. at.; A. Campbell and Tucker, loc cit 
Arnold, Parham, and Dodson, J]. Amer. Chem. Soc, 1949, 71, 2439), we tried for theoretical 
reasons to prepare it by oxidation of 8-formylfluorene (Von and Wagner, ]. Org. Chem., 1044, 
9. 155, but cf Wishcenus and Waldmiller, Ber, 10009, 42, 785: Wishecenus and Russ, Ber, 
1910, 43, 2719, who claim to have isolated two forms) by hydrogen peroxide in acetic acid; 
but instead of fuorene-9-carboaylic acid an unxientified compound was isolated Although 
9 fluoreny!-lithtum reacts with methy! carbonate to grve methy! fluorene-9-carboxylate (Blum- 
Bergmann, Annalen, 1990, 464, 47, vield not given) we were unable to obtain any ester by the 
corresponding action of 9-fluorenylpotassium on ethy! carbonate. but eth: 


chloroformate gave 
ethy! fuorene-9-carboxylate (36°, 


EXPERIMENTAL 


2.(9-( arbomethony-® fluorenyliethyi Methyl Ketone (1 K kK Me 
carboxylate (11-2 g.. | mol.) and methy! vinyl ketone (3-5 ¢.. 1 mol 
(65 m and dry, powdered potassium hydroxide (0-56 g.. © 2 mol 


#) Methy! fluorene-9 
were dissolved in dry dionan 
was added The mixture was kept 
hours (warming was obeerved during the first 15 minutes during which the potassium 
hydroaide went rato solution ring into water, extraction with ether, and evaporation of the ether 
gave 2-(9 <carbomethosy-¥-fluorenyljetayi methyl Actone, which crystallised from methano! or ethanol! in 
leaflets (105 g.. 71%), m p. 101-103" (Pound . C, 77-5; H, 62 


When the quantity of potassium hydroxide was increased t 


‘ pelt, .O, requires ¢ 77-5; H, 62% 
2-8 g. (1 mol.) the product required repeated 
erystallieation for purification. and the yield was substantially lower The addition of pyridine (1 mi 
had no effect on the yield 


ib} Methy! textide (1 g.. slight excess) was mixed with methy! 2 


2-morpholinoethy! ketone (! ¢ 
(Harradence and Lions, /. ’rac. Rey. Soe. N.S. Wales, 1938, 78. 233). and the excess of methy! welide 


removed from the pasty methiexide by applying water-pump vacuum for #0 minutes The methuxtide 
which had a slight smell of methy! viny! ketone, was washed with methano! (5 ml.) into a solution of 
methy! fluorene carboxylate (1-42 ¢.) and sodiaom (15 g.) in methanol (5 ml and the resulting 
mixture buled (90 minutes (on cooling, crystals (0-8 g.. 45%) were deposited, the mp. of which and 
of a mixture with an authentic specamen of 2-(@carbomethoxy-9-fluorenyljethy! methyl ketone was 
el lo? 

(0-Carbosy-0-fuorenyliethyl Methyl Acetone (1. R H, R Me The above methyl ester was 
liseolwed in hot ethanol and treated with a small amount of 10N-potassium hydroxide solution Working 
ip inthe weual mang gave 2-(Ocarboxy-@fuorenyliethy!l methy! ketone, which crystallised from methy] 
cyanide in prisma p. 108-113" (decomp) (Found = C, 72-2,724; H,58,.59. Cal. for C,,H,.0, 

771. HL oS%, 
Wethy!l Actone ll Me The above 


acid was warmed gently with 
solution 


us effervescence ceased the mixture was diluted 

ipitated oi! extracte i her Ek vapo ion of the ether 
thyi methy . which crysta 

H. @&s C,,H,.© requires (, 86-4. HM. 68°, rime crystallised 

wed-Diacdes and feathery needles (possibly the two stere: 


after its washing 
mol in prisms 


somers), m 
65 N 54 C,,H,.ON requires ( siz H @&a N. 5-6* ' 
was heated with three molecules 
r acetone was present in the distillate 
was distilled t r slightly reduced pressure and 
von of the ether crystallseed 
C, 82-9, 83-1; H, 7-6, 7-4 


vanihene 


atm! a 
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Methyl © Methyifuorene-¥ carboxylate —. Methy! sulphate (3-15 ¢ ) was added slowly with cooling to a 
solution of sodium methoxide (from 0-515 g. of saxctium), methy! 2-morpholinoethy! ketone (3-025 g). 
and methyl fluorene-9-carboxylate (5-6 g.) in methanol (80 mi.). Colourless crystals (2-5 ¢.) of metay! 
9- meth yifiuorene-0-carboaylate were deposited during 4 days storage at room temperature. Dilution of 
the filtrate with water gave, on crystallisation of the oily residue, a further 2-5 g. (total yreid, 84%) 
Crystallisation from methanol gave sword-biades, m. p. 108-109" (Found. C, 80-7; H, S68. C,,HyO, 
requires C, 80-7; H, 56-94% 


0 Methyl fuorene-B-carborylic Acid.The above ester was hydrolysed by the addition of On 
potassium hydroxide solution to a hot ethanolic solution. The acid crystallised from carbon tetra 
chioride in needles, m. p. 168-169" (Found: C, 86; H.52. Cale. for C,,H,O,: C, 803; H, 644) 


® Methyl fuorene.— Boiling (15 minutes) either the above ester or the acid with 2-methoxvethanol and 
an equal volume of 10N-potassum hydroxide solution, dilution with water, and extraction with ether 
gave, on evaporation of the ether, 9-methyiflucrene, which, crystallised from ethanol, had m. p. 45-47" 


oy 


2-(9-Carbomethory-@-fluorenyl\cthyl Phenyl Ketone (1. BR Me, KR Ph) —(a) Methyl! fuorene-¥- 
carboxylate (2.24 g.. | mol.) and pheny! vinyl! ketone (1:32 g., | mol.) (Young and Roberts, /. Amer 
Chem. Soe., 1946, 6B, 651: Leslie and Henze, shid_, 1949, 71, 3450) were dissolved in dry dioxan (11 mi), 
and dry powdered potassiom hydroxide (0-11 g.. 02 mol.) was added. On being kept for 7 days with 
occasional shaking and worked up im the usual manner, this gave 2-(0-carbomethory-¥-fuorenyl ethyl 
phenyl hetone (2 g., 56%) in prisms (from methanol), m. p. 110-—111° (Found : C, 80-8 H, 56. C,yH,O, 
requires C, 80-9; H, 5-7%) 


(+) Methyl fluorene-#-carboxylate (28-4 ¢.. 1 mol.) was added to a solution of sodium (2-02 ¢ , 1 atom) 
in anhydrous methanol (125 mi.), and to this was added a mixture of 2-diethylaminoethy! pheny! ketone 
(26-1 g.. 1 mol.) (Young and Koberts, joc. o.), anhydrous methanol (64 mi), and methyl! sulphate 
(15-0 ¢.. | mol —added cautiously with cooling). After the mixture had been boiled (30 minutes) and 
then cooled in ice, prisms (34-5 g., 83%) of practically pure 2-(0-carbomethoxy-#-fluorenyljethy! pheny! 
ketone, m. p. 110-111", were deposited 


(c) The use of 2-morpholinoethy! pheny! ketone (Harradence and Lions, joe. cs.) in place of 2-diethyl- 
aminoethy! pheny! ketone gave a lower yield of the above product 


The Manmch bases used above were prepared from their bydrochlorides immediately before use, 
since the hydrochlorides were stable and could be kept for several months, whereas the free bases 
decomposed on storage and their use after some weeks led to decreased yields 


2-(9-Carbory-9-fluorenyljethyl Phenyl Ketone (1; R = H, R’ « Ph).—The above ester, dissolved in 
hot ethanol, was hydrolysed in the usual manner by addition of 10~s-potassium hydroxide solution, to 
give the Acetone, which crystallised from acetic acid in colourless sword-blades, m. p. 174-179" (Pound 
C, 80-1, 803; H, 51,55. OC.H,.O, requires C, 80-7; H, 53%) 


2-0'-Flucrenyletayl Phenyl Ketone (11; KR Ph) The above acid (3-2 ¢.) was warmed with lO, 
potassium hydroxide solution tall the vigorous effervescence ceased (5 minutes lnlution of the mixture 
with water and extraction with ether gave, on evaporation of the ether, 2-9 -fluorenylethyl phenyl ketone 
2.7 g.. 96°%,), which crystallised from ethanol or halt poem (b. p. 60.80") in needles, m. p. 80-81" 
(Found. C, 880; H, 63. C,,H,,O requires C. 58 H, 61%). The ovime crystallised from light 
petroleum (b. p 60..80°) in white needles, m. p. 1356-140" (Found : C, 843; H,@1, N, 46 CyH ON 
requires C, 843. H, 61; N, 45%). Reduction of an ethanolic solution of the oxime (containing 
3 equivs. of dry hydrogen chloride), with hydrogen im the ea e of a palladium-charcoal catalyst gave 
3-9 fluorenyi-l-phenylpropylamime hydrochloride, Crystailisation from ethanol-ether yielded needles, 
m. p. 240242" (Found. C, 787; H, 67; N, 41. Cy,H,.NCI requires C, 78-7, H, 66; N, 42%) 

1:2.:3. 4-Tetrahydro-4-phenylflucranthene (1V; RK’ — Ph).2-9-Pluorenylethy! phenyl ketone in 
tsopropano! solution was heated with 3 moles (9 equivs.) of aluminium tsepropoxide till no more acetone 
was present in the distillate. Working up in the usual manner gave an uncrystallisable oily residue 
Warming (5 minutes) the oi! in solution in acetsc acid (1 vol.) with a mixture of acetic acid (1 vol.) and 
sulphuric acid (1 vol.) gave, after the usual treatment, an oily solid, which, when mixed with acetone and 
crystallised from ethanol or acetone, gave a of 1:2: 3: 4-tetrahydro-4-phenylflucranthene, m. p 
110—112° (Found: ¢ 93-8, H, 65. Cy.H,, requires C, 93-6, H, 6-4%,) 

4-Phenylfuoranthene (V; R’ = Ph).—(1) By use of chloranil, The above tetrahydro-compound 
(O14) @ bloran:! (0-246 g.), and xylene (1 mi.) were boiled till no more tetrachloroquinel was deposited 
(ca. 24 hours Working up in the osua!l manner gave a yellow solid, m. p. 120—134 A solution of this 
in light petroleum (b. p 60-80) was chromatographed (alumina). The first colourless e)uate, fluorescing 
pale blue in daylght and strong green-blue in ultra-violet ght, yielded 4-phenylfluoranthene, which 


crystallised from ethanol in pale green needles, m. p. 141-—143° (von Braun and Manz, loc. cit., give 
m. p. l44 


(2) By use of sulphur The above tetrahydro-compound (0-5 ¢ ) and sulphur (0-12 ¢.) were heated at 
1%)....200°, a vigorous evolution of hydrogen sulphide occurring The effervescence slackened after 
45 minutes, and no further evolution of gas took place when the mixture was heated to 230 Alter 

woling, the ressdue was dissolved in hight petroleum (b. p. 60-80") and chromatographed (alumina) 
Sulphur-containing compounds were retained as yellow and brown bands, 4-phenylfluoranthene passing 
through as a colourless, pale blue-flaorescent solution, ¢ ——- of which gave 4-phenylflacranthene 
(0-42 g., 86%). m. p. 142-144 Sublimation from zinc dust in vacuum, and crystallisation, failed to 
separate 4-pheny!fluoranthene from sulphur-comtaining compounds 


Oxidation of 9- Formylfiuerenc.__9-Formy|flucrene (2-8 g.), acetic acid (10 ml), and hydrogen peroxide 
ml 30%, solation) were mixed and kept (4-5 hours) at room temperature a pale yellow 


i separated, and crystallisation from benzene gave a product as colourless needies, m. p. 130 
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134° (with reddening and decomp it became pink in aut and was aot aculic (Found 77-4; HL. 54 
CygH yO, requires C, 77-4, H, 54%) 

Action of % Fluctenyipotassium on Ethyl Chloroformate —%-Flaorenyipotassium, prepared from 
fluorene (1-46 ¢ ) and potassium (0-43 g.) in liquid ammonia, was suspended in dry ether (0 ml.), which 
was boiled (15 minutes) to remove all the ammonia, and ethy! chloroformate (1-1 ¢.. theoretical 
quantity) added. After the boiling solution had been stirred for 30 minutes it was kept at room 
temperature overnight, then poured into water, and — and the ethereal layer evaporated 
Warming of the residue with dilute sodium hydroxide in ethanol solution, dilution with water, extraction 
with ether, and acidification of the aqueous layer gave fluorene-O-carboxy lic acid (034 g.). the ethereal 
extract gave fluorene (1 ¢ (Yield, 36% of ethy! fluorene-9-carboxylate, calculated on unrecovered 
fluorene ) 


We are grateful to Miss R. H. Hutchins, B.Sc., who performed the work on ethyl! chloroformate 
to the Department of Scientific and Industrial Research for a grant to one of us (H. W. D.5S.); and 
to Mr. J L. Cameron aod Miss R. H. Kennaway of this Department for microanalyses 


University oF Giascow Receiwwed, August 28th, 1950.) 


641. The Structure of the Mannan present in Porphyra 
umbilicalis. 
By J. K. N. Jones 


A mannan has been isolated from the seaweed, Porpayra wmbilicalis. Hydrolysis of the 
methylated derivative yielie 2 3. 6-trimethy! D-mannose and ca 8% of 2.3 4° 6tetramethy!l 
> mannose. The action of periodate solution on the mannan indicates that it is a polymer of 
B linked D- mannopyranose residues, linked through C,,, and C,, 


Tun seaweed Porphyra umbilicalis (syn. lacimiata) has long been used as a foodstuff in South 
Wales and is sold as laver or laver bread. It is also used as a foodstuff in Japan under the name 
of Nori The seaweed was investigated by Oshima and Tollens (Ber , 1901, 34, 1422) who showed 
that it gave galactose, fucose, and mannose on acidic hydrolysis; Ascophylium nodosum is said 
to give a similar mixture of sugars on hydrolysis with acids. The possible occurrence of a 
mannan in seaweeds is of particular interest in connection with the origin of alginic acid (II), a 
polymannuronic acid derivative, which might arise from a mannan (I) by oxidation, and would 


CHyOH CHyOH 
H o 


SN 


H 


Qo no / ' f -. Nom uo f 


HO Hi DD come H 
H H H Hi 


yield a ly xosan (111) on decarboxylation So far, a lyxosan has not been isolated from seaweed, 
and, in fact, lyxose has not been encountered in any natural product Porphyra uminlicals, 
known to contain a number of polysaccharides, some of which are soluble in hot water, was 
accordingly extracted exhaustively with this solvent, after having been dried. this served to 
remove one or more polysaccharides which on acicic hydrolysis gave fucose and galactose in 


approximately equal amounts Sugar-aleohols, polypeptides, and a red colouring matter were 
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also extracted by the hot water. The insoluble residue was then extracted with dilute sodium 
hydroxide solution to remove protein material. Sulphur-containing compounds were also 
removed by the alkaline solution. Hot, strong sodium bydroxide solution was required to 
extract the mannan; at the same time, green colouring matter and other polysaccharide material, 
which gave mainly xylose on acidic hydrolysis, was liberated. No lyxose-containing material 
was detected. Fortunately, the alkaline solution of mannan gave, with Fehling’s solution, an 
insoluble copper derivative which could be washed free from colouring matter and other carbo- 
hydrate material. The formation of insoluble copper complexes seems to be one of the 
characteristics of the mannans (ci. the mannans from ivory nut, yeast, and orchidacea). The 
copper complex was decomposed with alcoholic hydrogen chioride with the liberation of the 
polysaccharide, which on hydrolysis with anhydrous formic acid gave 88% recovery of mannose, 
no other sugar was detected on the paper chromatogram. This treatment with alcoholic hydrogen 
chlonde renders the mannan insoluble in alkaline solution, 30°, sodium hydroxide solution 
failing to dissolve it 

Sodium periodate solution oxidises the mannan with the formation of a small amount of 
formic acid and with the consumption of one mol. of periodate per sugar residue. These 
observations indicate that 1: 3- and 1 : 6-linked mannose residues can be present to a small 
extent only in the polysaccharide. A 1: 2- or 1: 4-linked polymer of mannopyranose residues 
would, however, be oxidised by periodate, with the results described above. The pyranose form 
rather than the furanose form of the sugar is favoured because of the stability of the 
polysaccharide to hydrolysis with acids 

The polysaccharide was methylated by the thallium procedure. Hydrolysis of the 
methylated product with anhydrous formic acid furnished a mixture of two sugars only, identified 
on the chromatogram as 2: 3: 4: 6-tetramethyl mannose and a trimethyl mannose (4). The 
evidence obtained from the periodate oxidation had indicated a structure built up of 1: 2- or 
1: 4- linked mannopyranose residues. The former would yield, after methylation and hydrolysis, 
3: 4: 6trimethyl mannose; the latter the 2: 3: 6-trimethyl derivative. These two sugars are 
readily differentiated on the paper chromatogram and the trimethyl sugar (A) was identified as 
the 2:3: 6-isomer. This was confirmed by converting (4) into the crystalline anilide and by 
oxidising (A) to the furanolactone of 2 : 3 : 6-trimethy] mannonic acid, identified as its crystalline 
phenylhydrazide. For comparison the phenylhydrazide of 2:3 4-trimethy!l mannonic acid 
was also prepared. The isolation of 2 : 3: 6-trimethyilmannose shows that the mannopyranose 
residues are linked through C,,, and C,,, 

The optical rotation of the mannan in formic acid (—41° ——»> - 22") and of the derived 
acetate in acetone (— 30°) indicated that the majority of the linkages in the polysaccharide are 
of the 8-form. The linkage which joins the mannuronic acid residues in alginic acid are also of 
this type 

On oxidation of the mannan with periodate, a yield of formic acid corresponding to the pre- 
sence of some 6°, of end group was obtained. This value is in Close agreement with the amount of 
end group (8°) determined as tetramethy! mannose by the method described by Hough, Hirst, 
and Jones (/., 1949, 928), as modified by Chanda, Hirst, Jones, and Percival (/., 1950, 1289) 
These observations indicate that the polysaccharide is of the branched-chain type with, on the 
average, one point of branching per ca. 12 mannose residues. At this stage, the possillity that 
the polysaccharide is a mixture cannot be excluded. Despite the similarity in structure, it is 
considered unlikely that the polysaccharide is the precursor of alginic acid (cf. Hirst, J., 1941, 71) 


EXPERIMENTAL. 


Isolation of Mannan.—The seaweed, Porphyra wmbsiicalss (syn. lacimiata), was collected in the north 
of Scotland in August 1947 by Dr. A. P. Orr. It was dried at 100° and powdered, and a portion of the 
resultant olive-green powder hydrolysed with n-sulphuric acid on the bouling-water bath for seven hours 
The covled solution was neutralised with barium carbonate, and filtered, and the filtrate concentrated to 
a syrup. Examination on the paper chromatogram showed the presence of reducing sugars, 
corresponding to fucose, xylose, mannose, glucose, and galactose, fucose and galactose predominating 

A portion of the dred seaweed (500 g.) was extracted with hot water and the viscous extract filtered 
through cloth. This extraction was — until a sample of the filtrate no longer gave a precipitate on 
being poured into six volumes of et ». Six extractions sufficed. A sample of the filtrate was 
hydrolysed with n-sulphuric acid for seven hours in a sealed tube, immersed in a boiling-water bath 
The tube was cooled and opened, and the contents were neutralised with barium carbonate and hitered 
On concentration, the filtrate yielded a syrup in which fucose and galactose were detected on the 
chromatogram. Amino-acids were also present. 


The bright-green material remaining after extraction of the water-soluble polysaccharides was next 
extracted with cold n-sodium hydroxide. A dark green extract was obtained which contained most of 
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the protein and salphuar-containmg compounds orginally present in the seaweed. The protein was 
precipitated on acedification of the solution with acetic acu On hydrolysis with concentrated hydro 
chiottc acid of formic acid, it furnished a mixture of at least ten amino-acids, no carbohydrate material 
could be detected 

The seaweerd residues were next extracted with hot 20%, sodium hydroxide solution and filtered. The 
fiitrate contained green colouring matter, polypeptiies, and mannan, which was separated as the 
insoluble copper complex by addition of Fehimg’s solution. This complex was filtered off and washed 
with water unti) the washings were colourless It was decomposed by grinding it with methanol con 
taimimg hydrochlork acid, until the complex had been converted into a suspension of white powder The 
mannan was filtered off and washed, first with methanol and then with acetone, until the washings were 
oloutless Finally, the polysaccharide was washed with a little methanol containing ammonim to 
remove traces of hydrochiore acid and dried under reciuced pressure (yield, 19 ¢ This treatment 
caused the mannan, initially soluble in sxliam hydroxide solution, to become insoluble in this reagent 
(Found C, 446, H.6@2. Cak. for C,H,O,: C, 464, H.O1% Nitrogenous, methoxy!, and uronk 
acid residues were absent A sample of the polysaccharide was hydrolysed by being dissolved in formx 
ach (96-..100%) and the solution heated in a sealed tube immersed in a boiling-water bath for seven 
hours The tube was then cooled, the contents poured into an equal volume of water, and the solution 
evaporated to dryness. The residue was suspended in x-sulphuric acid and the mixture heated on the 
teniing- water bath for six hours Acid was removed from the cooled solution with Amberlite resin 
IK41, and the filtered solution then evaporated toasyrup. Examination of the syrup on the chromato 
gram showed the presence of mannose only, the identity of which was confirmed by the preparation of the 
phenyihydrazone, m. p. and mixed m. p. 180° (decomp 

The seaweed residue, after extraction with hot 20%, sodium hydroxide contained mannan, 
together with yellow acetone-soluble materials 

Hydrolyns of Alhali-insoluble Seaweed Material.—The seaweed residue (2-03 g.) was boiled under 
reflux with methanol (100 ¢.c.) containing concentrated bydrochloric acid (10 ¢.c.) for 24 hours. The 
tewultant clear solution was concentrated to a small volume, and 2n-hydrochloric acid (10 c.c.) added 
The solution wae benled ander reflux for five hours, cooled, neutralised with silver carbonate, and filtered 
Silver tons were removed from the Oltrate by passage of hydrogen = followed by filtration. The 
filtrate was concentrated to 5c.c. and dilated with methanol (5c « he solution was run on to the top 
fa column of cellulose (2° « 13°) and the sugars separated in the usual way | pure specimens of D-xylose 
(os ¢ m p. 149", ap +13° in water, and D-mannose (0-116 g.) (isolated as the ——~ tas 
m p 186°) were obtained. Fractions contaiming arabinose(/) and glucose were also isolated 


The mannan was insoluble in water, »xliam hydroxide solution, and dilute acids. Hydrolysis with 
s-sulphurkc ackl was unsatisfactory he polysaccharide did not dissolve and much decomposition 
<_curred For example, the mannan (302 mg.) gave mannose (152 mg determined as the pheny! 
hydrazone) after being heated for 60 hours with s-sulphuric acid. The mannan showed ‘4)) —41! 
talling to 22° «wn @ hours (constant value. c, 1-44, in anhydrous formic acx 

wantiiative Amaly i Sugars Produced on Hydrolyus of Mannan Mannan (101-2 was 
hydrolysed with anhydrous formic acid and a solution of mannose obtained as described above The 
srlutron was nceentrated to a syrup, and the mannose content determined by the method descnbed by 
Hirst, Jones, and Woeds (/., 1047, 1048 yield of mannose phenylhydrazone was 101 ) 
lar Jecomys this rresponds te kl of OS meg { mannose, 1.¢., 88%, recovery 

Mannan WAS SuSsp« nded in pyridine (10 ontaiming acet 
" ' am for 48 hours The dark-brown was poured on ice, an 
acetate collected, washed with water, and dried T pr ct was purified by dissoly 


t, and pouring the filtrate into water The acetate (()-6 ¢ a WW 4+5 (fe, lim 


1 the 
ing it 
hitering i 
| Ac, 430. Cake. tor, Hy 44.4%). formed a brittle fim trom chloroform solation 


i Mewnan with Pen «© mannan (685.5 nm was oxidised with sodium permxdate 
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O34 6 | was ac p i iryness under reduced pressure (exclusion 
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OMe 36-0 This mater: ntaim t m vad v lissolved in methyl! iodide and 
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boiled under reflux with silver oxide for six hours. This operation removed traces of thallium salts and 
completed the methylation of the product, which was isolated by extraction with chloroform. Owimg 
to shght cloudiness of its solution, it was not possible to observe the optical roatation of this derivative 
(1-5 ¢.) (Pound : OMe, 441%) 


A portion (0-75 g.) of the methylated polysaccharide was hydrolysed with anhydrous formic acid 
(see above Examination of the resultant sugar syrup on the chromatogram indicated that two sugars 
were present, corresponding to tetramethy! and trimethy! mannose. the latter predomimating. Accord- 
ingly, the mixture of sugars (0-70 g.) was separated on a column of cellulose, #-butanol-—light roleum 
(b. p. 80-100") (1: 1) being used as the eluent. Complete separation was not achieved ractson | 
(0-20 g.), [a +3° (c, 4-0, in water) (Found : OMe, 45%,), with alcoholic aniline yielded a small quantity 
of tetramethy! mannose anilide, m p. and mixed m. p. 141°, and some 2 : 3 : 6-trimethy! mannose anilide 
m. p. and mixed m. p. 127°, separated on recrystalliation from alcohol. The tetramethyl mannose 
anilide was dissolved in dilute hydrochloric acid and the solution examined on the chromatogram. The 
liberated sugar behaved exactly as tetramethyl mannose prepared trom the authentic anilide. Fraction 
2 (0-52 g.) consisted of trimethyl mannose only 


A portion (0-23 g.) of Fraction 2, (a)? +4" (c, 6-6 in water) (Found ; OMe, 42-0%), was oxidised with 
bromine water, and the mannonic acid derivative isolated. The product (0-18 g.) crystallised and after 
recrystallisation from ether had m. p. 88", [a)y +72° —> + 66° (in water: 4 days) (Found : OMe, 420 
C,H 0, requires OMe, 42-3%). Its identity as 2: 3° 6-trimethy! mannolactone was confirmed by for- 
mation of its phenylhydrazide, m. p. and mixed m. p. 141° with sintering at 131° (Found ; N, 86, OMe, 
27 Cale, for C,,H,,O,N,: N, 8-5; OMe, 28-4% 


2.3: 4-Trimethyl mannomec acid Phenylhydrande, prepared tor comparison from authentic 2:3. 4 
trimethy! mannolactone, had m. p. 166" (Found N, 8&5; OMe, 280% 


Examination of both Fractions | and 2 on the paper chromatogram showed that neither contained 
3.4. 6-trimethyl mannose, which moves to a different posttion from 2:3. 6-trimethy! and 
2.3.4: 6-tetramethy! mannose on the chromatogram 


Quantitative Analysis of Methylated Mannan. —-Methylated mannan (20 mg.) was hydrolysed by being 
heated with anhydrous formic acid (1 ¢.c.) in a sealed tube at 100° for 14 hours. The tube and contents 
were then cooled, the tube opened, and the formic acid distilled off. The brown residue was heated with 
w-sulphuric acid (1 c.c.) for 3 hours to hydrolyse any formic ester, and the cooled solution exactly 
neutralised with baryta. The filtered solution was concentrated to a syrup, and the mixture of sugars 
separated on the paper chromatogram The sugars were determined by Chanda, Hirst, Jones, and 
Percival’s procedure (Joc. cit.) except that the oxidation was allowed to proceed for 15 hours (Found : in 
duplicate experiments, expressed as c.c. of 0-0ln-thiosulphate: tetramethy! mannose, 0-44, 0-35; 
trimethy! mannose, 5-53. 4-65 These figures correspond to the presence of one tetramethy! mannose 
unit per 13 mannose residues 


The author thank Dr. A. P. Orr for the sample of Porpayra wminticalis and Professor E. L. Hirst, 
F.RS., for his interest and advice 


Tue Univeestry, Bersro. Received, September Tih, 1950 


642. Nucleotides. Part V. Riboflavin-5' Phosphate. 


By H. S. Forrest and A. R. Topp 


Treatment of riboflavin with phosphoryl chloride in pyridine containing a small amount of 
water yields a cyclic phosphate, mboflavin-4’: 5° phosphate. Acid hydrolysis of this cyclic 
ester yiekis mboflavin-5’ phosphate, identical with the naturally occurring nboflavin phosphate, 
and provides a preparative method for this co-enzyme 


Tuer yellow co-enzyme which takes part in the oxidation of glucose-6 phosphate in biological 
systems (Warburg and Christian, Nafur@iss., 1932, 20, 688: Biochem. Z., 1932, 254, 438%) was 
first isolated in a pure state by Theorel! (Biochem. Z., 1934, 272, 155; 1935, 275, 344), who 
showed that it contained one atom of phosphorus and moved towards the anode in cataphoresis 
experiments. On the basis of his studies he concluded that the co-enzyme was probably a 
riboflavin phosphate. Shortly thereafter, Kuhn and Kudy (Ber., 1935, 68, 383) reported a 
synthesis of the co-enzyme by direct phosphorylation of riboflavin with phosphory! chloride 
The claim that the natural product was riboflavin-5’ phosphate (1) rested on a further synthesis 
by the route: 5’-trityl riboflavin ——»> 2’: 3’: 4’-triacetyl 5’-trity! riboflavin —» 2: 3’: 4 
triacety! riboflavin ——> riboflavin-5’ phosphate (Kuhn, Rudy, and Weygand, Ber, 1936, 69, 
1543). Support for this formulation was also provided by Karrer, Frei, and Meerwein (Hel 
Chim. Acta, 1937, 20, 79), who showed that treatment of the natural co-enzyme with periodate 
gave no formaldehyde, indicating that the 4’ or 5° position was blocked. Since then, little 
chemical work has been done on the co-enzyme and it has remained a rather inaccessible 
substance. 

We have re-investigated the direct phosphorylation of riboflavin reported by Kuhn and Rudy 
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(loc c1t.) and have found that the reaction is more complex than was at first thought, although it 
can be made the basis of 4 relatively convenient preparative method for riboflavin-5’ phosphate 
Treatment of riboflavin in anhydrous pyridine with phosphory! chlomde at room temperature 
yielded a brownish flocculent material of high molecular weight from which, by vigorous acid 
hydrolysis, a small amount of a product could be obtained whose behaviour on paper 
chromatography was identical with that of the natural riboflavin phosphate. Ii, on the other 
hand, phosphoryl chloride (2 mols.) was added to a solution of riboflavin (1 mol.) in pyridine 
containing a small amount of water (1-4 mols.) there was immediate deposition of a flocculent 
yellow precipitate which contained phosphorus but was not identical with natural riboflavin 
phosphate. The same product was obtained by an exact repetition of the experimental 
procedure given by Kuhn and Kudy (lec. cit.). Considerable difficulty was encountered in the 
purification of this product which was not homogeneous. In the crude state, or after partial 
purification wia the brucine salt, it was unafiected by sodiom metaperiodate and this fact, 
coupled with the apparent «lentity (paper chromatogram) of its chief component with a 
riboflavin derivative obtained by treating natura! flavin-adenine dinucleotide with ammonia, 
led us at first to believe that it might be essentially a cyche phosphate of mboflavin in which the 
phosphate resiive was attached to the J and 5° positions as in (11) 
‘ ‘ 4) 4 hy, 
che =“ Ht H,O-PO,H, HO. 
<o HO P 
o r 0 oO oO 
RCH, -CH(OH) -CH-CH/(OH)-CH, RCH, CH(OH)-CH(OH)-CH-CH, 
a (ul 


Further purification of the synthetic material by the chromatopile technique (Mitchell and 
Haskins, Science, 1949, 110, 278), however, yielded the pure cyclic ester which on oxidation 
with periodate consumed | mol. of oxidant per mol. of ester without production of formaldehyde 
and which must, therefore, be formulated as riboflavin-4’: 5° phosphate (III). The curious 
statulity of the crude phosphorylation product to periodate may possibly be due to the presence 
of excess of phosphate (cf. Bell, /., 19468, 992) which is removed in the purification process 
Cycle esters of phosphoric acid have, of course, been previously made from glycols and their 
existence as intermediates has been postulated in various rearrangements. Thus, Farrar 
/., 1949, 3131) has postulated an intermediate of this type to explain the ready hydrolysis of 
glucose-2 phosphate. A similar hypothesis has been advanced to explain the conversion of 
giycerol-2 phosphate into glycerol-1 phosphate (Verkade ¢f al., Rec. Trav. chim., 1940, 59, 886), 
a reaction which Chargafi (/. Biol. Chem., 1942, 144, 455) has shown to be intramolecular by 
radioactive tracer studies 
Acid hydrolysis of the crude cyche phosphate gave, as the main product, a monophosphate 
if riboflavin which on paper chromatograms appeared to be identical with natural riboflavin 
phosphate. There were, however, at least two other substances present in the crude hydrolysed 
material, which, although it gave analytical values close to those required for riboflavin phosphate, 
consumed only 16 mols. of periodate per mol. of ester, even after repeated recrystallisation 
from water. One of the impurities was identified, not unexpectedly, as riboflavin; the second 
could not be separated in sufficient quantity to permit of structural determination, but from 
its general behaviour it seemed to be a polyphosphate Pure riboflavin-5’ phosphate was 
prepared trom the crude hydrolysed product by using a chromatomile;, on periodate titration 
it consumed 2 mols. of oxidant per mol and gave no formaldehyde. For preparative purposes 


there appears to be no advantage in purifying the eyche ester (11) before ace hydrolysis, since 

the major by-product im either case is riboflavin. J* should be noted that the use of periodate 

oxidation in the structural elucidation of mboflavin Jerivatives 1s complicated by the fact that 

riboflavin itself shows an excessive uptake of periodate at room temperature the reason for 

this anomalous behaviour is at present being investigated Thus comphecation can, however, be 

avoided by carrying out all permxilate oxidations 0 at which temperature mboflavin and 
acy! derivatives behave normal), 

In comnection with other work directed ¢ rds as hesis tlavin-adenine dinucleotide, 
we have repeated the work of Kuhn ef a/. (loc. ett the preparation of mbotlavin-5’ phosphate 
from 2 : 3 : 4'-triacetyl mboflavin The latter sbst was found to show anomalous 
melting-point behaviour, different samples showing vanable m. p.s between 180° and 194°, 


although they appeared quite homogeneou The 5’-hydroxy-group was 


also found to be cunousiy mert, beme unatiected by rity! chloride, toluene-p-sulphonyl 
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chloride, or dibenzy! chlorophosphonate under the usual reaction conditions, it did, however, 
react with phosphory! chloride, and treatment of the triacety! compound with this reagent in 
pyridine solution gave a product which after deacetviation gave a poor yield of riboflavin-J 
phosphate 


The work described in this paper has depended to a large extent on the application of paper 
chromatographic techniques. Originally we used the butanol-acetic acid-water solvent 
system established by Crammer (Nature, 1948, 161, 349) for compounds of the type described, 
but it suffers from the defect that in it the phosphorus compounds have low R, values. A large 
number of alternative systems were investigated based on the work of Hanes and Isherwood 
(Nature, 1949, 164, 1107). Of these, the system fert.-butanol--pyridine-water was selected as 
the most useful, and used in conjunction with the aqueous disodium hydrogen phosphate- 
isoamy! alcohol system described by Carter (/. Amer. Chem. Soc., 1960, 72, 1466) it permits 
ready identification of the phosphorylated flavin derivatives described in this paper. Other 
solvent systems are described in the experimental section where they were applied. No R, 
values are quoted because the fert.-butanol-pyridine-water system is sensitive to temperature 
changes over which no control was exercised, the appropriate reference compounds being 
always run simultaneously on the same paper 

The experiments here described give final confirmation of the view that the natural “ flavin 
mononucleotide “ is riboflavin-5’ phosphate and provide a method for its small-scale preparation 
A method very similar in type, but more convenient on a larger scale, has been developed 
independently in the laboratories of Hoffmann-La Roche Inc., Nutley, New Jersey. We 
should like to express our thanks to Drs. L. A. Flexser and W. G. Farkas for their kindness in 
exchanging information on this matter with us 


The finding of (I1) as a product of the degradation of natural flavin-adenine dinucleotide 
with ammonia is of some interest. If the accepted structure of this co-enzyme is correct 
(Warburg and Christian, Biochem. Z., 1938, 208, 150) it must presumably arise through an 
intramolecular phosphorylation. The observation may be of some value not only in the 
chemistry of flavin-adenine dinucleotide itself, but also in that of Sanadi and Huenneken's 
new flavin dinucleotide (flavin X) (Abstr. Amer. Chem. Soc. Meeting, April 1950, p. 60C). 


EXPERIMENTAL, 


Reaction of Riboflasin with Phosphoryl Chloride (a) in dry pyredine Riboflavin (260 mg.) was 
dissolved by boiling in carefully dried pyridine (130 c.c.), and to the cooled (room temperature) solution 
was added phosphoryl chloride (0-2 ¢.c.) in dry pyridime (10 c.c.). The solution gradually darkened and 
deposited a dark-brown precipitate. This was collected by centrifugation, washed with ethanol and 
acetone, and dred to give a brownish-yellow hygroscopic solid (300 mg.). This material (200 mg.) was 
heated with hydrochloric acid (7 c.« 3n.) for one hour on the water-bath. The solution was then 
cooled and neutralised with sodium hydroxide, and acetic acid added to pH 4. Charcoal (500 mg.) was 
then added to adsorb all the riboflavin derivatives, and after being shaken for 1 hour the charcoal was 
collected, washed thoroughly with water, and eluted by being shaken with pyridine-methanol-water 
(in equal proportions). The yellow eluate so obtained was evaporated to dryness, and the residue 
dissolved in a little water and then treated with ethanol and acetone. The flocculent yellow precipitate 
(20 mg) was collected by centrifugation and dried. On a paper chromatogram (fert.-butanol-pyridine 
water), the product gave a spot corresponding to natural riboflavin phosphate, together with an 
unidentified, faster-moving spot 


(b) Im pyridine containing water. Numerous experiments were carried out to determine the best 
conditions for reaction, involving —— of various >roportions of water before and after addition of 
the phosphoryl! chloride Roce) Finally, the following procedure was adopted: To riboflavin 
(190 mg.) in dry pyridine (160 c.c.) was added phosphory! chioride (0-09 ¢.c.) in pyridine (5 ¢.c.) followed 
immediately by water (0-009 ¢.c.). The flocculent precipitate (170 mg.) which formed was collected after 
one hour by centrifugation, and after being dried im vacuo it was converted into the sodium or calcium 
salt by dissolution in water, addition of sodium or calcium acetate, and precipitation of the salts with 
ethanol. Neither of these products, on treatment with sodium metaperiodate (0 23%™.) in aqueous 
solution, consumed any of the oxidising agent over a period of 6 days. A benzidine salt, prepared either 
from the sodium salt after its conversion into the free acid by means of a cation-exchange column, or 
directly from the above precipitate by addition of an ethanolic benzidine solution to a concentrated 
aqueous solution of the flavin, gave anomalous periodate uptakes of 7-10 mols. mol., due presumably 
to oxidation of the benzidine moiety. Attempts to purify the benzidmme salt by crystallisation resulted 
in considerable loss, but a once-recrystallised sample | a satisfactory analysis for a bydrated salt of « 
riboflavin monoph« a \— C, 401; H, 55: N, 103. C,,H,,O.N,P.C,.H YN, HO requires 
cC, 459: aM, 58; N, The regenerated free acid, however, gave very indifferent analytical values 
(Found 353; n ‘ ; ye 10-6%,) 


Before these ane values were obtained, the free acid was chromatographed on paper by using 
Crammet's »-bu ic acid~water system (loc. cit.); the main ¢ t was a substance which 
travelled in this system only at the same speed as natural riboflavin phosphate, but it also contained some 
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fibotlavin and left a consslerabie rewcdee at the origin of the spot This reaxdue was at the time thought 
to be dee te an of the acud on the paper (cf. Hais and Pecakova, Nature, 1949, 163, 768) but the 
poor analytical values later obtained for the acid indicate that it was probably due to some impurity 


Ribeflavin-4’ W Phosphate..The dried flocculent precipitate (170 mg.), obtained in Experiment (6) 
above, was dissolved in water, and the solution was adsorbed on ten Whatman No. | filter circles 
(9em These were then dried and placed in a chromatopile using 800 of the same circles and developing 
the pile with »-propancl-pyridine-water (1: 3:1, Oc After 36 hours, two bands had appeared 
as well as a resuice at the origin These two bands were washed off the paper with a large excess of water 
at room temperature and tested on an ordinary paper chromatogram The faster-moving band was 
thus shown to be riboflavin and the slower the desired product. Evaporation im sacwe of the aqueous 
solution of this latter to a small bulk, followed by treatment of the concentrated solution with #-propanol 
and acetone, caused precipitation of a floccalent yellow solid which was collected by centrifugation 
* me This, on treatment with sadiom metapermadate (0: 234m.) at 0°, consumed 0-92 mol. mol. in 
8 hours, after which no further oxidation took place The analysis, however, was still unsatisfactory 
and the chromatopile product (#0 mg ) was therefore recdisesiwed in water, the solution passed through a 
cation-exchange column (Zeo-Karb 215). and the microcrystalline phosphate (40 mg ) re-isclated in the 
usual way (Found: C, 461; H, 50, N. 125. C,,H JO .N,P requires C, 464; H, 43; N, 12-8° 


o 
4ction of Ammonia om \ atural I lavin-adenine Dinucleotide While surveying possible solvent systems 
for riboflavin phosphates. it was poticed that in solvents contaiming ammonia, natura) flavin-adenine 
dinucleotide (obtaimed as a dilute aqueous solution through the courtesy of Mr. L. G. Whitby), gave two 
apots Accordingly. a dilate solution of the co-enzyme was treated with an equal volume of concentrated 
amm a (4 0-88) and after 24 hours at room temperature, the solution was used for further investigation 
in solvent «ystems free from ammonia In this way it was shown that the natural coenzyme was 
partially split to a substance moving at the same speed as the cyc li phos, hate obtained as above in the 
following solvent systems tert -butanel pyridine-water (60°15. 25 ® propanol-pyndine- water 
(20: 6) 20), = propancl-ammonm-water 0:30 (d O85). 10), and éert.-butanol-pyndine water 
(M15 35 

Riboflavin G Phosphate by Avid Hydrolyns of Ribofamn4 . 5’ Phosphate The dried 
phosphorylation product (200 mg.) was treated with hydrochloric acid (0-IN 20 «.c.) for one hour on 
the water bath The solution was then concentrated tm veacwo to a small bulk, and ethanol and acetone 
were added to precipitate a yellow solid which was collected and dried (140 mg.). Paper chromatography 
of thes in the previously mentioned solvent systems, as well as in #-propanol-\-methyimorpholine water 
@) 15:25), =propanol (or irt.-butanol)-1%-aqueous boric acid (80 20), and Carter's 
hydrogen 


crude 


disodium 
P Ont hate system «. 4.) gave as the main spot a substance moving at the same speed as 
natural riboflavin phosphate The analysis was sativfactory (Found cc 4s H, 47 N, 12-4 
Cak. for C,,HyON,P: C, 447; H, 46; N, 124%), but on treatment with sodium metaperiodate in 
aqueous solution at 0", it consumed only 1-6 mols. of oxidant mol. It could be crystallised, with 
onsiderable loss, from water or, better, s-hydrochioric acid, but this process did not affect the periodate 
uptake 


The crude product (150 mg.) was therefore dissolved in water and readsorbed on filter 


papers as 
he fore The chromatopile was developed with propanol pyridine water (20 @0: 20 


and after 
36 hours the main band was eluted by washing with water The pure material was obtained by 
evaporation to a small bulk m wa: and precipitation with ethanol and acetone It was finally 
recrystallised from ws-hvdrochioric acid, whereupon it was obtained as a microcrystalline vellow solid 

C, 4560. H, 50: N, 12-4 On treatment at 0° with jum metaperiodate it consumed 
of oxidant mol, and was ier é : hromatographi maviour with natural riboflavin 


n (100 mg im dry 

in pyridine (3 « After 

urs at room temperature, a flocculent yellow precipitate had 
al wa‘ and j 
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dilute hydrochloric acid, sodium hydrogen carbonate solution, and water, and then dried. It was then 

through a column of neutral alumina, and a single band was formed and eluted with methanol. 

vaporation of the eluate and recrystallisation of the residue from alcohol gave a yellow solid, m. p. and 
mixed m. p., with the starting material, 180—182°. 


Reaction of Phosphoryl Chloride with 2: 3’: 4'-Triacetyl Ribo n.—-The triacety! compound 
(100 mg.; m. p. 190-—192°) in pyridine (16 c.c.) was treated with a excess of phosphory! chloride 
(1 c.c.) im pyridine (15 c.c.) solution rapidly darkened. A ‘ter two minutes it was poured on ice, 
and the whole then evaporated to dryness. The residue was dissolved in water adsorbed on 
charcoal (0-5 g.), which was collected and thoroughly washed with water. Riboflavin derivatives were 
then eluted with a pyridine-methanol-water mixture (100 c.c.) and the eluate was evaporated to 
dryness. The residue was allowed to stand with aqueous ammonia [5 c.c. (d 0-88) +5 c.c. water) for 
24 hours. The resulting solution was shown to contain as its main constituent a product running at 
the same speed as natura! riboflavin phosphate on paper chromatograms. (A crude brucine salt (70 mg.) 
was obtained from the main bulk by treatment of the evaporated residue with brucine (100 mg.) in 
chloroform.) 


Our thanks are due to Roche Products Ltd. for gifts of riboflavin and to the Department of Scientific 
and Industrial Research for a Senior Award (to H. S. F.) 


Unrverstry Cuemicat Laposatory, Campripor (Received, August 20th, 1950.) 





643. Nucleotides. Part VI. The Structure of the Synthetic 
Nucleotides prepared from the Benzylidene Ribonucleosides. 
By D. M. Brown, L. J. Haynes, and A. R. Topp 

Re-examination of the synthetic compounds described by Gulland and Smith (/., 1947, 338; 
1948, 1527) as uridine-2’ phosphate and cytidine-2’ phosphate and by Michelson and Todd 
(J., 1949, 2476) as adenosine-2° phosphate and guanosine-2’ phosphate, has shown that they are 
in fact nucleoside-5’ phosphates. The reasons for the production of 5’-phosphates in syntheses 
hitherto believed to yield 2’-phosphates have been studied, and it is concluded that the con 
densation products of the nucleosides with benzaldehyde are 2’: 3’- and not, as hitherto 


believed, 3’: 5’-benzylidene derivatives. The implications of these findings and conclusions are 
discussed 


Ix Part ITI of this series, Michelson and Todd (/., 1949, 2476) described the synthesis of a number 
of purine and pyrimidine mononucleotides by methods believed at the time to be unambiguous as 
regards the position of the phosphoryl group in the synthetic products. The validity of the 
syntheses described was confirmed in the cases of adenosine-3’ phosphate and uridine-3’ 
phosphate by direct comparison with nucleotides isolated from natura! sources, but at the time 
no nucleoside bearing a phosphory! group in the 2’-position was known to have been isolated 
from natural sources, so that no comparison could be made in the case of the synthetic 
adenosine-2’ and guanosine-2’ phosphates. That the latter compounds were indeed nucleoside-2’ 
phosphates rested wholly on their having been prepared by methods exactly analogous to those 
by which Gulland and Smith claimed to have prepared uridine-2’ phosphate (/., 1947, 338) and 
cytidine-2’ phosphate (/., 1948, 1527). As we have already briefly reported (Brown, Haynes, and 
Todd, J., 1950, 408), subsequent work has shown that these claims to the synthesis of 
nucleoside-2’ phosphates must be withdrawn, and the present paper gives a detailed account of 
the investigations which have led to this conclusion 

In 1949, Carter and Cohn (Fed. Proc., 1949, 8, 190) reported the isolation from ribonucleic 
acid hydrolysates of two isomeric adenylic acids a and b, of which 6 was identical with the 
previously known yeast adenylic acid (adenosine-3’ phosphate), Adenylic acid a was not 
identical with the known adenosine-5’ phosphate (muscle adenylic acid) and, as it could be 
hydrolysed to adenosine, it appeared to be almost certainly adenosine-2’ phosphate (1; R = 
adenine; R’ « PO,H,). Through the kindness of Drs. Carter and Cohn, we were able to com 
pare specimens of their adenylic acids with our synthetic materials. Periodate titration of these 


aes — — © 

RCHCH(OR)-CH(OH) CH CH, ON RCH -CH(OH)-CH(OH)-CH-CHy OR’ 

; ay 
(f). (IL) 

acids showed that both were stable to this oxidant and that neither could be a 5'-phosphate 
Direct comparison of the X-ray powder photographs of adenylic acid a and the synthetic 
“ adenosine-2’ phosphate " of Michelson and Todd (loc. cif.), which had originally been described 
as amorphous but which by further solvent treatment was obtained in crystalline form by Dr. J 
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Baddiley, showed that the two compounds were not identical. Surprisingly, however, the 
X-ray powder photograph of the synthetic product was identical with that of authentic 
adenosine-5° phosphate (II; R — adenine; R’ « PO,H,) (Baddiley and Todd, /., 1947, 648) 
The X-ray powder diagram of a sample of “ cytidine-2’ phosphate " (Gulland and Smith, Joc. cit.) 
prepared by Michelson and Todd (loc. cit ) similarly proved to be identical with that of cytidine-5’ 
phosphate (Il; K « cytidine; R' — PO,H,). These findings caused us to re-examine the 
alleged 2’-substituted ribonucieosides which had been prepared in this laboratory, using sodium 
metaperiodate as a diagnostic reagent, since only those nucleosides substituted in the 2’- or 
3’-positions are stable towards it. The supposed adenosine-2’ phosphate, 2’-acety! adenosine, 
and cytidine-2’ phosphate each consumed approximately | mol. of oxidant per mol; all of them 
must therefore be substituted not in the 2’- but in the 5’-position. Through the courtesy of 
Dr. H. Smith, we were able to examine the original specimens of “ cytidine-2’ phosphate, 
* dibrucine uridine-2° phosphate,”’ and “ barium cytidine-2’ phosphate "' described by Gulland 
and Smith (Joce. ost.); each of these compounds on periodate titration consumed | mol. of 
xidant per mol. The conclusion seems inescapable that the compounds described by Gulland 
and Smith (Jocc. cf.) and Michelson and Todd (/oc. cit.) as ribonucleoside-2’ phosphates are in 
fact ribonucleoside-5’ phosphates. The failure of these authors to realise this fact was doubtless 
dlue in part to the rather indefinite physical criteria of purity employed and in part to too great 
reliance on the validity of the synthetic routes employed; it emphasises too the value of 
periodate titration and X-ray data in the characterisation of nucleotides 

The question now arose—why were 5’-substituted compounds obtained in these syntheses 
rather than the expected 2’compounds? The validity of these syntheses rested first on the 
belief that the condensation product of benzaldehyde with guanosine was ¥ : 5’-benzylidene 
guanosine (IV; K « guanime) and secondly on the assumption that the benzylidene derivatives 
of the other nucleosides adenosine, uridine, and cytidine had a similar structure. This second 
wesumption seemed reasonable and the evidence for the structure of benzylidene guanosine 
appeared to be adequate. Benzylidene guanosine was first described by Bredereck and Berger 


O=—— 


CHPh 


lg »v oo CHPh 
RCH-CH—CH-CH-CH,OH RCH-CH(OH) CH-CHCH,SO 
(LI1.) rv 


(Ber , 1940, 78, 1124), who prepared it by condensing guanosine with benzaldehyde in presence of 
fused zinc chloride They formulated it as 3’: 5’-benzylidene guanosine (IV; R = guanine) 
rather than the alternative 2’: 3’-compound (111; R guanine) because they were unable to 
prepare a trityl ether from it by reaction with trity! chloride, and they held that this indicated 
the absence of a primary alcoholic group. This formulation, too, was in agreement with the 
known tendency of benzylidene groups to be attached to 1: 3-rather than 1 : 2-positions in 
carbohydrates (cf. Haworth and Hirst, Ann. Rev. Biochem, 1936, 5, $2). Further evidence for 
the 3’ : S’-structure of benzylidene guanosine was adduced by Gulland and Overend (/J., 1948, 
1380) who claimed that the acety! guanosine obtained by acetylation of the benzylidene com- 
pound and subsequent removal of the benzylidene group was stable to periodate and could not 
therefore contain a free 1: 2-glycol system (Lythgoe and Todd, J., 1944, 592). They also 
methylated benzylidene guanosine, hydrolysed the product, and then hydrogenated the methyl 
ribose produced to a methy! ribitol, this methy! ribitol was optically active and hence could not 
be 3-methy! ribitol The stability of the acety! guanosine to periodate would eliminate a 
2 . 3’-structure for benzylidene guanosine, while the isolation of an optically active methyl 
ribitol would rule out the possibility of a 2°: 5’-structure 

The apparent strength of this evidence for the structure of benzylidene guanosine led us to 
consider the possibility that the isolation of 5’-substituted compounds in the synthetic work 
already described might be due to acyl migrations As a first step, a sample of adenylic acid a, 
which, on the evidence of Carter and Cohn and on the results of our periodate titrations, is almost 
certainly adenosine-2’ phosphate, was refluxed with mineral acid (x/100) under the conditions 
used by Michelson and Todd (Joc cit.) to remove the benzylidene group from the phosphorylation 
product of benzylidene adenosine. The only product isolated in crystalline form was unchanged 
starting material, but by means of paper chromatography, adenosine and adenine were detected 
in the crystallisation mother-liquors, together with adenylic acid a and two other substances, one 
of which travelled at the same speed as adenosine-3’ phosphate and may wel! have been that 
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compound in view of the reported isomerisation of pyrimidine nucleotides by mineral acid 
(Cohn, J. Amer. Chem. Soc., 1950, 72, 2811). , The possibility of migration under these conditions 
cannot therefore be excluded. Benzylidene adenosine dibenzyl phosphate (Michelson and 
Todd, Joc. cit.) when refluxed for 90 minutes with 10%, aqueous acetic acid gave in high yield 
adenosine-5’ monobenzy! phosphate, identical in every respect with an authentic specimen 
prepared from 2’ : 3’-isopropylidene adenosine (Baddiley and Todd, ]., 1947, 648). As no 
evidence for the presence of any other product was obtained, it seems very unlikely that the 
5’-phosphate owed its origin to the migration of the substituted phosphoryl residue from C,,, to 
C,y, Furthermore, repetition of the preparation of acetyl! adenosine from benzylidene adenosine, 
in a manner designed to preclude acyl migration under alkaline conditions (Helferich and Klein, 
Annalen, 1926, 450, 219; 1927, 455, 173), gave the same product as has been described by 
Michelson and Todd (loc. cit.). This product again was found to be identical with 5’-acety! 
adenosine prepared via 2’ : 3’-ssopropylidene adenosine 

Our conclusion from these experiments was that, although some migration of a phosphate 
residue may occur in adenosine-2’ phosphate when heated with mineral acid, there is no evidence 
for, and much against, the view that the isolation of S’-substituted compounds in syntheses 
starting from benzylidene adenosine is due to easy and complete migration of acyl groups from 
Cy, to Cy. It was therefore decided to re-examine the evidence upon which a 3 : 5'-structure 
had been assigned to benzylidene guanosine (and hence by analogy to the other benzylidene 
nucleosides). Benzylidene guanosine, having the same melting point and other characteristics 
as the material described by Gulland and Overend (loc. ci#.), when acetylated as described by 
these authors, yielded, in our hands, only amorphous heterogeneous products. Acetylation with 
acetic anhydride in pyridine solution, however, gave crystalline monoacetyl benzylidene 
guanosine which, on treatment with 30% aqueous acetic acid at 70°, furnished a crystalline 
monoacetyl guanosine similar in appearance to that of Gulland and Overend, but whose melting 
point was almost 20° higher than that recorded by these workers. This monoacety!l guanosine 
consumed approximately 1 mol. of periodate per mol. and was therefore clearly 5’-acety! 
guanosine. This result is directly at variance with Gulland and Overend’s statement that their 
acetyl guanosine was stable to sodium metaperiodate during 72 hours. The cause of this 
discrepancy remains unknown; it is true that our product had a higher melting point, but it is 
dificult to believe that it is an entirely different substance. In order to obtain further evidence 
on the structure of benzylidene guanosine which did not involve acylation procedures, benzy! 
idene guanosine was methylated. The crystalline methylation product was not structurally 
investigated; from analytical values and its ultra-violet absorption spectrum it seems clear that 
during methylation the purine mng system had been broken and extensive N-methylation had 
occurred. The product was hydrolysed with sulphuric acid and, after working up, a yellow 
syrup was obtained which readily reduced Fehling’s solution and was evidently a somewhat 
impure reducing sugar. Comparison of this material with syrupy 5-methyl ribose prepared 
from 2: 3-sopropylidene methylribofuranoside (Levene, J. Biol. Chem., 1934, 104, 301) by 
methylation and subsequent hydrolysis was made on paper chromatograms. In three solvent 
systems, the main component of each product had the same R, value and there was no evidence 
for the presence of any other reducing sugar. Dr. R. J. Anderson of Nottingham University 
has informed us that he found independently that the methyl ribose prepared from benzylidene 
guanosine showed the same behaviour as 5-methy! ribose on paper chromatography. That the 
product obtained from benzylidene guanosine is in fact 5-methy] ribose must on this evidence be 
regarded as highly probable, although the paper chromatographic evidence admittedly does not 
amount to absolute proof. The tritylation evidence upon which Bredereck and Berger (loc. cst.) 
based their structure of benzylidene guanosine was admittedly weak, but work carried out by 
Dr. P. E. Macey (private communication) has shown that it is, in any event, invalid, since he 
has been able to prepare a benzylidene trityl guanosine from benzylidene guanosine by reaction 
with trityl chloride. 

To sum up then, the evidence presented in this paper indicates that all the synthetic 
nucleoside-2’ phosphates described by Gulland and Smith (locc. cit.) and by Michelson and Todd 
(loc. cit.) are, in fact, nucleoside-5’ phosphates. It further poimts to the conclusion that the 
condensation product of benzaldehyde with guanosine is 2’: 3’-benzylidene guanosine (III; 
R = guanine) and not 3’ : 5’-benzylidene guanosine (IV; K = guanine); it would also follow 
that adenosine, uridine, and cytidine similarly form 2’ : 3’-benzylidene derivatives. These iatter 
conclusions have important repercussions on the structures assigned to the intermediates 
described by Gulland and Smith (locc. cit.) and to a number of those described by Michelson 
and Todd (lec. cit.). In the work of the last-named authors, the supposed “ 2’-acety! 
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nucleosides ’ derived from benzylidene adenosine and benzylidene undine were employed as 
starting materials for the synthesis of the nycleoside-3° phosphates. Since these acety) 
derivatives are now known to be 5’-acety! nucleosides it is clear that their tritylation products 
cannot have the structures previously assigned to them. Presumably tritylation occurs on 
nitrogen in these cases and the syntheses of adenosine-3’ phosphate and uridine-3’ phosphate 
from them are not unambiguous. There is no doubt, however, as to the identity of the adenosine 
derivative with Carter and Cohn's yeast adenylic acid 6 (loc. cst.) and with the previously known 
yeast adenylic acid, whose structure has been shown by degradative methods to be adenosine-3 
phosphate (Levene and Harris, /. Biol. Chem., 1933, 101,419). There is also no doubt but that 
the synthetic uridine-3’ phosphate is identical with the long-known natural yeast uridylic acid 
It should be pointed out, however, that no evidence has ever been adduced to prove that the 
phosphate residue in uridylic and cytidylic acids is at C,.; their accepted structures rest on the 
belbeved analogy between them and yeast adenylic acid. Michelson and Todd's synthesis (loc 
ett.) certainly appears to support their current formulation in so far as it is probable that a 
process yelding from adenosine a product undoubtedly adenosine-3’ phosphate would similarly 
yield, from uridine, uridine-3’ phosphate. Further evidence of structure would, however, b« 
desirable, especially in view of the recently reported heterogeneity in pyrimidine nucleotides 
from yeast mbonucleic acid (Cohn, /. Amer. Chem. Soc., 1950, 72, 2811) and the isolation of an 
womer of cytidylic acid from hydrolysates of yeast ribonucleic acid (Lorne, Luthy, Bortner, and 
Levy, J. Amer. Chem. Soc., 1960, 72, 2811 In the field of monoribonucleotides, unambigous 
syntheses are therefore available only for adenosine-5’ phosphate (Levene and Tipson, /. Biol 
Chem., 1937, 121, 131; Bredereck and Berger, Ber , 1940, 738, 260; Baddiley and Todd, loc. ci 
guanosine-5' phosphate (Michelson and Todd, Joc. cit.), cytidine-5’ phosphate (Michelson and 
Todd, lve. cit.), and uridine-5’ phosphate (Levene and Tipson, J. Biol Chem., 1934, 106, 113 
Michelson and Todd, loc. cit.) The recorded syntheses of the nucleoside-3’ phosphates, although 
in some cases satisfactory in operation (Michelson and Todd, Joc. cit.), do not of themselves offer 
proof of structure. Further investigations into the question of the structure of the pyrimidine 
ribonucleotides are now in progress, as also are studies on the synthesis of nucleoside-2 
phosphates, and will be reported upon in due course 

A final point may be mentioned. In their work on the phosphorylation of N® : 5’-ditrity! 
adenosine and 5’-trityluridine, Michelson and Todd (loc. cit.) reported a preferential phosphory! 
ation at C,,, in each case, since they were able to isolate finally only adenosine-3' phosphate and 
urtdylic acid from these experiments. Ke-examination of the phosphorylation of N* : 5’-ditrity! 
adenosine has shown however that attack at the 3’-position is not exclusive, since adenosine-2’ 
phosphate (adenylic acid a) can be detected in the crude product by paper chromatography 


EXPERIMENTAL, 


¥.Ray ponte photographs were taken by using a Metropolitan-Vix kers Raymax crystallographi 


unit and a Unicam standard powder camera (19 cm. diameter, Cu-a radiation 


idenosne-S’ Phosphate from BRenzylidene Adenosine.—Renzylidene adenosine (4 ¢.) (Michelson an 
Todd, foe. ett) was phosphorylated with dibenzyl chlorophosphonate at 10°, rather than — 30° as in 
the original procedure, to give benzylidene adenosine dibenzy! phosphate (3-6 g.) Hydrogenatior 
tollowed by hydrolysis with dilute sulphuric acid (N/100), as described by Michelson and Todd, yielded 
adenosine-5' phosphate, crystallising from water in needles, m. p. 186° (decomp.) (Found: C, 34-6; H 
47; N, 20-3. Cale. for C,H,O,N,P: C, 346; H, 41; N, 20-2% This material—Michelson an! 
Tedd's  adenosine-2° phosphate on periodate titration showed an uptake of 1-2 mols. of oxidant /mo 
ite m. p. was undepressed in admixture with an authentic specimen of adenosine-5’ phosphate and it 
gave an identical X-ray powder photograph. This powder photograph differed from those given by 
adenylic acid «a and adenylic acul ¢ he last named gave a photograph identical with that of 
adenosine 3° phosphate Adenylic acid @ gave a dibrucine salt which crystallised from water as a penta 
hydrate, m. p. 166 175° (decomp) (Found : C, 55-1, H.60; N,10-3. C,.H,O,N,P.2C,,H,,O,N,5H,0 
requires C, 56-8: H. @2; N, 10-39%, This compound did not depress the m. p. of the dibrucine salt of 
Michelson and Todd's © adenosine-2’ phosphate © nor did its X-ray powder photograph differ appreciably 
from that of the latter on visual inspection. It is evident, in view of the distinction between the free 
nucleotides, that both mixed m. p. and X-ray powder photograph evidence are liable to break down for 

mpiex salts of this type 

idenosine-5’ Benzyl Phosphate —Renzylidene adenosine dibenzy! phosphate (0-5 g.) was refluxed for 
1) hours with aqueous acetic acid (0 10%, The solution was evaporated to dryness and the 
residue crystallieed by trituration with ethanol Reerystallised from hot water adenosine-5' benzy! 
phosphate was obtained as rectangular plates (0-3 ¢ ), m. p. 235° undepressed by an authentic specimen of 
m. p. 235° (Baddiley and Todd, loc, ott.) (Found: C.465; H, 44; N,16-1. Cale. for C,,H,,O,N,P: C, 
465; H, 46. N, 161%); X-ray powder photographs of the two materials were identical This product 
on periodate titration showed an uptake of 1-0 mol. of oxidant mol The same material was also obtained 
by partial hydrogenation of benrylidene adenosine dibenzy! phosphate, a mixed palladium oxide 
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palladised charcoa! catalyst beimg used, followed by removal of the benzylidene group with aqueous 
acetic acid (10%) 


“ Cytidine-2’ Phosphate.’—* Cytidine-2’ phosphate " as prepared by Michelson and Todd (lec. cst.) 
had [a)jf — 23-4° (c, 1-07 in water); the higher value quoted by these authors has not been confirmed 
On periodate titration it absorbed 0-96 mol. of oxidant /mol., and it gave an X-ray diffraction photograph 
identical with that of the product —— under the same name by Gulland and Smith (lee. ott.) and of 
authentic cytidine-5’ phosphat le of Gulland and Smith's original “ barium Tr termed 

phosphate ' showed an uptake of 1 4 mols. of pericdate/mol.; im this experiment, the initial 
fasoluble barium metaperiodate was dissolved before titration, by addition of a little dilute hydrochloric 
acid, and the barium was removed by adding ammonium sulphate 


* Uvidine-2’ | Phosphate.”’—"" Dibrucine uridine-2’ phosphate,”” p by. Gulland and Smith 
on eu.), on periodate titration showed an uptake of 1/1 ensis faved. the same uptake was observed 
with a sample prepared by Michelson and Todd (jvc. ci/.). In these titrations brucine was removed by 
addition of excess of ammonia and several extractions with chloroform. The aqueous phase was reduced 
in volume, and then periodate was added and the titration carried out in the usual manner 


5’-Acetyl 2 : 3’-isoP’r ery Adenosine.——Acetic anhydride (3 c.c.) was added to a solution of 
tsopropylidene adenosine (0-98 g.) in dry pyridine (25 c.c.), and the mixture set aside overnight. Ethano! 
(10 cc.) was now added and after ) hours the solution was taken to dryness, the residue dissolved in 
chloroform, and the solution w with sodium hydrogen carbonate and water and dried (N 
The dried solution was evaporated to small] bulk and light petroleum (b. p. 60-—80") was caut 
added. 5’-Acetyl 2’ . 3’-isopropylidene adenosine (0-65 ws Pree Recryatalised from Ar eer 
ether, it formed needles, m. p. 167° (Found: C, 51-7; , 20-2. C,,HO,N, requires C, 51-7 
H, oS; N, 20-1%) 


-Acetyl Adenosine.—The acetyl “ ropylidene derivative (0-45 g.) was refluxed for 14 hours with 
equeses acetic acid (10 c.c.; 10% solution was evaporated to dryness, and then re-evaporated 
with ethanol and the residue rec ad from ethanol (6 c.c.). 5'-Acetyl adenosine separated from 
ethanol or water as nacreous, hydrated plates; dried at 112° ck, O,) it had m. 143° after softening at 
134°, but was very hygroscopic (Found: C, 462; H, 51 for ior CyH,,O.N,: C, 466, H, 49%) 
On periodate titration it showed an uptake of 1-06 mols./ mol. ik for a prcrate which ated from 
water as small yellow plates, m. p. 194° (decomp.) (Found: C, 30-86; H, 3-5. C,,H,,O,N,C,H,O.N, 
requires C, 40-2; H, 3-4%) 

S'-Acetyl Adenosine from Benrylidene Adenosine.—Michelson and Todd's ON-diacetylbenzylidene 
adenosine (loc. cit.) (0-75 g.) was warmed to 70° for two hours with aqueous acetic acid (0 c.c.; 10%) 
The solution was evaporated to dryness under reduced pressure, and the residue re-evaporated with 
ethanol and crystallised first from ethanol (5 c.c.) and then water, giving nacreous plates, which after 
careful drying had m. p. 143°, —— in admixture with authentic 5’-acety! adenosine (see above) 
(Found: C, 463; H, 47; N ®). Michelson and Todd describe a dihydrate, m. p. 67--70°; we 
have found that by varying the period of drying, crystalline products of intermediate m. p. can be 
obtained. Periodate uptake: 0% mol./mol. It gave a picrate, m. p. 104° undepressed in admixture 
with an authentic specimen 





Effect of Mineral Acid on Adenylic Acid a.—Adenylic acid 4 (100 mg.) (supplied by Drs. Carter and 
Cohn) was dissolved in dilute sulphuric acid (30 c.c.; »/100), and the solution refluxed for one hour, then 
cooled and neutralised with barium hydroxide. Barium sulphate was removed by centrifugation and 
the clear solution concentrated to small bulk (3.c.c.). Adenylic acid a (30 mg.) crystallised on cooling ; 
it was identical in every way with the starting material and gave the same X-ray powder photograph. A 
further smal! quantity was obtained by concentration of the mother-liquor. The final mother-lquor 


from this experiment was evaporated to dryness, and the residue redissolved in water and put err 


chromatogram with appropriate reference compounds, 5% disodium hydrogen phosp 

tassium dihydrogen phosphate solutions being used as dev eloping solvents (Carter, /. Amer. Chem. Soc., 
foso. 72, 1466). In this way, the presence in the mother-liquors of adenine, adenosine, adenosine-3’ 
phosphate (adenylic acid 6), and adenylic acid 4, together with an unidentified product giving a 
considerably faster moving spot (Ry 0-85 in 5% disodium hydrogen a solution) was established 
No evidence for the presence of adenosine-5’ phosphate, which travels at the same rate as adenylic acid « 


in these solvents, was found by the periodate spray described by Buchanan, Dekker, and Long (/., 1950, 
3162) 


Acetyl Benrylidene Guanosine..Benzylidene guanosine (4 g.; m. p. 206° (decomp.)) (Gulland and 
Overend, ioc. est.) was dissolved in boiling pyridine (100 c.c.), the solution cooled to ca. 30°, and acetic 
anhydride (15 cc.) added The mixture was set aside overnight, ethano! (25 c.c.) added, and after one 
hour the whole was evaporated under reduced pressure. The residue was twice re-evaporated with 
ethanol, and then dissolved in warm chloroform (100 c.c.) and setaside. The acetyl benzylidene guanosine 
(2-8 g.) which separated was recrystallised from aqueous ethanol and then had m. p. 253-—254° 
Bredereck and Berger (loc. cit.) give m. p. 263° and Gulland and Overend (lec, cit.) m. p. 260-—262° for 
** 2’-acetyl 3’ : O’-benzylidene guanosine ” (Found: C, 54-6; H, 50; N,17-1. Cale. for C,,H,,O,N,: C, 
55-2; H, 46; N, 17-0%). 

5'-Acetyl Guanosine.—The acety] benzylidene compound (0-4 g ) was heated with aqueous acetic acid 
(15 ¢.c.; 30%) for two hours at 70°, and then cooled, diluted with water (30 c.c.), and left overnight 
Unchanged starting materia] which separated was filtered off, and the filtrate ev aporated to dryness and 
triturated with ethanol whereupon the product lised (0-14 ¢.). Reerystallised from ethanol it had 
m. p. 192—193° (Found : C, 43-9; H, 45; N,21-2. Cale. for C,,H,,O,N,: C, 446; H, 46; N, 21-56%) 
The product which was hygroscopic is formulated as S’-acety! guanosine on the basis of periodate 
titrations which showed an uptake of 0-95, 1-01 mols./mol. Bredereck and Berger (Joc. cif.) give m. p 
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180° and Galland and Overend (loc. cit.) 176-179" for their “ 2’-acety! guanosine “ prepared by essentially 
similar metli«ts 


Methylation of Benzylsdene Guanowne (ci. Galland and Overend, loc. ot.) —Methy! sulphate (4:3 cc 
and aqueous sodium hydroxide (34 ¢.c_; 30%) were gradually added during two hours to 4 mechaanially 
tuted suspension of acetyl beusylidese guanosine (2-7 g.) in acetone (We.c.). The mixture was heated 
at 75° foe « further 2 hours then cooled, neutralised (phenoiphthalein) with sulphuric acid, and evaporated 
almost to dryness. The entire methylation process was now repeated on the resadue, and thereafter the 
product was extracted several times with chioreform. The combined extracts were washed with water 
dried (Na,5O,), and evaporated. The gummy residue crystallised on being boiled with methanol 
washing it with further small amounts of this solvent removed a little purple material, leaving the 
methylation product asa solid (125g). Recrystallised from chioroform-ether, it was obtained as smal! 

ime, m. p. 226-228" (Pound: ©, 570, 570; H, 60,61; N, 152, 152; MeO, 8&2, NMe, 18-34%) 

he methylated compound was readily soluble in chloroform but virtually insoluble in ether, methanol 
and dilute sodiem hydroxide solution: on being boiled with mineral acid it liberated benzaldehyde and a 
reducing sugar. Ultra-violet absorption in alcohol : maxima at 28002810 a. (E}%, = 267) and 227 
2206 a. (E}%, = 532); minima at 2555 a. (ETS, = 06) and 2195 4. (ETS, = 500) 


Hydrolysis of Methylated Benzylidene Guanosine.—-The methylated material prepared as above (202 ms.) 
was heated for 4) hours at 80° with dilute pt mae ach] (10 «.c.; »/}0). During this operation the 
starting materia! gradually dissolved giving a yellow solution which was cooled, extracted with chloroform 
to remove benzaldehyde, and then left overnight with excess of barium carbonate to remove sulphate 
was. The filtered solution was now evaporated to dryness under reduced pressure giving a reddish gum 
which was repeatedly extracted with chloroform (75 c.c. in all The be extract was cvaporated 
yiekling an orange gum which was dissolved in ethanol (1 c.c.) and dry ether (10 c.c.) was addex The 
clear solution was filtered from a trace of red semi-solid precipitate, and evaporated. The product was 
a yellowish syrup (81 mg.) which readily reduced Fehling’s solution. A 2-5% aqueous solution of this 
product was prepared and compared with a similar solution of syrupy 5-methyl mnbose on paper chromato- 
grams. Both 5-methy! ribose and the degradation product gave a yellow spot when detected with the 
aniline oxalate reagent, in contrast to the cherry-red colour developed by ribose. The Ry values in 
five different solvent systems are given in the table, together with those of ribose itself (used as a marker) 
Hydrolysis of the methylated benzylidene guanosine with 87%, formic acid gave, after working up, a 
dark gum containing a reducing sugar with the same chromatographic characteristics as the product of 
sulphuric acid hydrolysis The slight spread of Ny values observable in the table for the systems 
containing collidine and pyridine we have at times observed with other compounds ; it seems that in such 
solvents the Ny values are noticeably affected by the presence of inorganic impurities 


Solvent system. A 


5-Methy! ribose 0-52 7 q 7 Os 
Sulphuric acid hydrolysis 

ormliuct 0.52 Oss 
Ribose ou : y 0-76 
Mixed spot of S-methy! ribose 

and hydrolysis product - 7 0-82 


Solvent systems: A, »-butanol-acetic acid'; 3B, »-batanol-water'; C, »-butanol-ethanol-1% 
aqueous ammonia’, D, collidine-water'; 2, ethy! acetate-pyridine-water * 
* Partridge, Biochem. ]., 1068, 48, 238 * Jermyn and Isherwood, ibid. 1949, 44, 402 
One of us (D. M. BK.) participated in this work during a period of leave of absence from the Chester 
Heatty Research Institute, Royal Cancer Hospital, London. An LC.1. Fellowship (held by L. J. H.) is 
gratefully acknowledged. Our thanks are duce to Roche Products Ltd. for grants and gifts of material 
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644. Colouring Matters of the Aphidida. Part IV. A General 
Survey of the Occurrence of the Aphins. 


By H. Duewett, |. P E. Heman, A. W. Jounson, S. F. MacDonarn, 
and A. R. Topt 


The distribution of aphins and other colouring matters in many species of Aphididae is 
surveyed A rapid method for the detection of aphins in the presence or absence of non-aphin 
colouring matters is outlined. Further procedures have been developed for the detection and 
separation of the individual aphins from complex pigment mixtures he isolation of aphins 
from Apis: sambwes L.. Eriosoma lamgerum, Myrus ceran F., Sappaphis pyn (Fonsc.), and 
1. patlade! pan is described 


Tre isolation of closely related series of aphid pigments or aphins from two species of Aphididz, 
Aphis faba and Twuberolachnus salignus, has been reported in Parts I—II (Duewell, Human, 
Johnson, MacDonald, and Todd, Natere, 1048, 162, 759; /., 1950, 477, 485) The extent to 
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which compounds of this nature occur in a number of other aphid species is now recorded. 
The table lists some twenty species in which aphins have been detected and includes several from 
which typical aphid pigments have been isolated in crystalline form. A list of aphid species in 
which aphins have not so far been detected is also given. Nearly all the aphid species which 
have been examined contain non-aphin pigments in addition and, in the species recorded, the 
large majority of the observed pigments in the living insects belong to one or more of three 
classes : protoaphin (in 45% of the species), yellow or brown non-aphin pigments (in 50%), and 
green non-aphin pigments (in 60%). The amount of protoaphin present is normally about 
05% of the live weight of the insect but varies between 245 and 002%, the latter figure 
representing the limit of sensitivity of the test used; it is possible that even smaller quantities 
of protoaphin may be present in some of the species listed by us as giving negative tests 

A system has been claborated for the examination of aphids whereby protoaphin can be 
detected in the presence of non-aphin pigments, and at the same time xanthoaphin, chrysoaphin, 
and erythroaphin can be shown not to occur in living insects but to arse successively from the 
protoaphins by the series of changes described in the previous papers. To observe these 
transformations of the protoaphins, it is necessary to use samples containing only living insects 
and for this reason methods have been so chosen that only small quantities of aphids need be 
used in the test, which involves a comparison of the colour, absorption spectra, and partition 
behaviour of the pigments from fermented and unfermented insects. A qualitative examination 
by this method of each aphid species should be carried out before any isolation experiments as 
certain of the non-aphin pigments may interfere with the isolation of aphins by the standard 
procedures (Part I], loc. cit.). In the early stages of our investigations of the Aphidida, after 
the isolation of the easily recognised fluorescent aphins, it was this method of examination which 
established protoaphin as their ill-defined, water-soluble precursor; nothing was known at that 
time of its stability and even its colour was usually masked by other pigments. It was then 
found that, after removal of acetone from unfermented extracts of A. philadelphi, the 
protoaphin-pé therein could be converted into xanthoaphin by adding the fresh insect pulp; 
the xanthoaphin was then readily recognised spectroscopically after it had been extracted from 
the mixture with ether. Solubility and fermentation by added insect pulp in neutralised 
aqueous solution thus provided a method for identifying protoaphin and for demonstrating 
the presence of intact protoaphin in the unfermented acetone extract; the method also 
permitted its stability to be investigated and the course of its purification and isolation to be 
followed. In surprising contrast to xanthoaphin, protoaphin proved relatively stable to heat, 
acid, or alkali; insects difficult to separate from the host could therefore be heat-killed to 
destroy enzymes, thns avoiding the use of large volumes of solvent in the preparation of 
protoaphin extracts. Finally, it was found that the non-aphin pigments which accompany 
protoaphin-pAé in extracts of A. philadelpht could be separated by preferential adsorption on 
Darco G.60 charcoal, and the fortunate choice of this acid charcoal lowered the pH to the point 
where protoaphin-ph could be crystallised. The same method was applied without modification 
to A. fab@a (Part I, loc. cit.) although with 7. salignus (Part ILI, loc. ctf.) even a considerable 
modification gave poor results 

We have previously remarked on the similarities between the corresponding aphins from 
different species, and the close relationship between the protoaphins has been further 
demonstrated by a number of “ cross-fermentations "’ of the protoaphin (either the crystalline 
compound or heat-stabilised insect extracts) from one species with the enzymes from others 
rhus the crystalline protoaphin-pé in buffered phosphate solution at pH 6°5 was converted into 
xanthoaphin-pA by small amounts of freshly pulped A. sambuct or T. salignus. No conversion 
was brought about by species containing no protoaphin, ¢.g. Hamamelistes betula, from which it 
appears that the enzyme concerned occurs only in those insects which contain protoaphin. 
This fact has been used as an aid in the detection of very small quantities of protoaphin in 
insect samples, the fermentation being carried out in the presence of added protoaphin which 
increases the sensitivity of the test some twenty- to thirty-fold (i.¢. making it possible to detect 
amounts of protoaphin 50°001%); it has been shown previously (Part Il, loc. cit.) that one 
insect contains sufficient enzyme to convert many times its own content of protoaphin. The 
converse also holds—protoaphin appears to be accompanied always by the enzyme in the living 
insect, for aphids containing pigments resembling protoaphin but giving no xanthoaphin on 
fermentation still fail to do so when fermented by the pulp of a species known to contain the 
enzyme. 

A number of methods have been developed to supplement the standard ones when complex 
mixtures of pigments are encountered. Thus considerable use has been made of the partitioning 
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of erythroaphin between chloroform and sulphuric acid (Part LI, loc. cst.) for the purification 
of this pigment, and in this connection the absorption spectrum of erythroaphin in concentrated 
sulphuric acid solution provides a most sensitive test for the fluorescent aphins, as the band at 
5680 a. can be detected at concentrations as low as 4 = 107%. Although xanthoaphin and 
chrysoaphin are not sufficiently stable to be fractionated between chloroform and sulphuric acid, 
they, as well as erythroaphin, can be freed from fats, waxes, and non-aphin yellow pigments by 
partition between aqueous solutions of resorcinol and solvents in which the latter is not 
appreciably soluble, ¢g light petroleum, chloroform, or benzene. Xanthoaphin is completely 
extracted by 50°, resorcinol from chloroform, chrysoaphin by 66%, but erythroaphin is only 
extracted completely by 66% resorcinol after the chloroform has been diluted with an equal 
volume of light petroleum. The aphins can be returned to fresh solvent quantitatively after 
dilution of the resorcinol extract with water On a emall scale, the method can be used t 
separate the three pigments by fractionation It is most useful with fatty petroleum extracts 
where great volume concentration can be attained without emulsification; here, the light 
petroleum is first freed from acetone, if present, by extraction with saturated neutral aqueous 
sxdiam iodide. The solvent power of aqueous phenol, catechol, resorcinol, and pyrogallol has 
been utilised previously (Friedlander, D R.-P. 199,690; Chem. Zentr., 1908, 11, 359; Hochstetter, 
D R.-P. 268,452; Chem. Zentr., 1914, 1, 310); the efficiency and utility of phenol is diminished 
by its greater tendency to partition between the aqueous and the organic phase. We have 
observed that aqueous resorcinol can also be used in a similar way in the extraction of porphyrins 
and hydroxyanthraquinones 

All aphin and non-aphin pigments present in aphids are extracted by n-butanol and adsorbed 
by charcoal (Darco G.60) from slightly acid aqueous solution. Only protoaphin can then be 
efficiently eluted from the charcoal, and all pigments except protoaphin are adsorbed on 
Dareo G.6O from 60%, aqueous acetone or aqueous methanol. Of the fluorescent aphins, 
erythroaphin is most readily adsorbed and xanthoaphin least; the latter can be freed from 
erythroaphin and chrysoaphin by shaking and centrifuging 75°, acetone or methanol extracts 
with successive smal! amounts of Darco G60. Of the three fluorescent aphins, xanthoaphin is 
the most acidic, erythroaphin the least. Xanthoaphin can be separated on a small scale by 
extracting it from ether with very dilute ammonia; it must be returned at once to fresh ether, 
citric acid bemg used to neutralise the ammonia, otherwise the vellowish alkaline solution 
acquires 4 crimson tint owing to the formation of chrysoaphin 

Our observations on the various aphin-containing species which have been identified with 
certainty are listed in the table which extends and corrects the previous list of isolated pigments 
Part |, loc. cut Aphins have also been observed in some twenty additional species which we 
refrain from listing because of the uncertainty in their identification 


Proto Xanth bry Eryth 
Species (host aphin aphin hin aphi 
A deiges (Pimeus) strota (Borner) (White pine 
Adeligid (unidentified) (White pine) * 
Apis fada “of beans) » * 
4 rwuoness L. (docks) * 
philadeipha (Orne: 


(lL remelan) pacee@ (1 
lanigerwm (Hausmann 
(eima) * 

I erry 


hhiem avn fh hae 


‘ 
1 prevented 

¢. eu. * Part I, lee. cit 
* Part Ill } »hin mervext ly ter fermentation and then free from chrysoaphin 
and erythroaphin. * Chrysoaphin observed only after trea nt of xanthoaphin with formic acid 
at room temperature and then free from erythroaphin 
ment of chrysa,gphin with hydrochloric ac ud 





Se eee ne ee er ie oo 
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There can be no doubt that Blount's lanigerin from Eriosoma lanigerum (J ., 1936, 1034) is an 
artefact derived from a protoaphin, and his description of it suggests a chrysoaphin which, 
when later examined by Dhéré (Compt. rend. Soc. Bsol., 1939, 181, 672), had become a mixture 
of a chrysoaphin and an erythroaphin. We have confirmed the isolation of chrysoaphin-dn 
(lamgerin) and in addition have prepared erythroaphin-jn from this species, which contains only 


traces of non-aphin pigments. Other new aphins to be isolated include xanthoaphin-sm, 
chrysoaphin-sm, and erythroaphin-sm from A. sambuci L.; xanthoaphin-<, chrysoaphin-<ce, 
and erythroaphin-ce from Myzsus cerasi (F.); and xanthoaphin-py and erythroaphin-py from 
Sappaphis pyri (Fonsc.) 

The aphins of the Adelgina are of particular interest because these insects belong to the 
family Phylloxerida; otherwise aphins have so far been found only in Aphidide. Strobinin, 
which Blount (loc. cit.) isolated from Adelges (Pineus) strobi (Borner) parasitising white pine, is 
an erythroaphin as shown by the spectroscopic examination of a sample of his product. There 
is no reason to doubt that it stands at the end of a typical aphin series, but as yet samples of this 
insect species have not been available to us, although we have detected all four aphins in an 
unidentified adelgid found on white pine. There are special difficulties in working with 
adelgids for we have not found them in dense colonies; they are difficult to identify, and it is 
not easy to collect them in an undamaged state and to distinguish living from dead insects 

In the survey given in the table, the inter-relationship between the protoaphins, xanthoaphins, 
chrysoaphins, and erythroaphins in each species has been established whenever the state of the 
sample has permitted; where these relationships have not been rigorously established, the 
pigments have been listed as detected without qualification. Aphin pigments were not detected 
in the following species: Aphis urticaria (Kalt.) (nettles), Brevicoryne brassica (L.) (cabbage), 
Chattophorus populicola (Thomas) (poplar), Cryptomyzus ribis (L.) (currants), Dactynotus cirsii 
(L.) (thistles), Drepanosiphum plantanoides (Schrank) (sycamore), Hyadaphis farmiculi (Pass.) 
(honeysuckle), Hyalopterus arundimis (F.) (Victoria plum), Liosomaphis berberidis (Kalt.) 
(barberry), Macrosiphum gei (Koch) (umbellifere), M. albifrons Essig (lupins), M. ros@ (L.) 
(cultivated roses), Microlophiwm schranki (Theobald) (nettles), Myzaphts rosarwm (Kalt.) (roses), 
Nasonovia ribis-mgri (Mosley) (currants), Pemphigus bursarius (L.) (poplar), Periphyllus aceris 
(L.) (sycamore), Prociphilus tessellatus (alder), Sappaphis viburnicola (Gillette) (viburnum), and 
Symydobius oblongus (v. Heyd) (birch). 

The primitive species, Hamamelistes spinosus (Shimer) and H. betula (Mordrelko) contain 
pigments which bear some relation to the aphins and these will form the subject of a separate 
communication. Of the non-aphin pigments which have been encountered in the course of 
this work, mention has already been made of the petroleum-soluble yellow or brown pigments 
and the water-soluble green pigments. The former often showed an absorption spectrum with 
one to three lines in the blue and green regions of the spectrum; they were usually non- 
fluorescent and differed from the aphins in being extractable from acetone by light petroleum 
before as well as after fermentation. It is possible that some of these may be carotenoids; 
Sorby (Quart. J. Microscop. Sci., 1871, ii (N.S.), 352] compared pigments of this type to the 
colouring matters of fats and oils. Some of the water-soluble greenish pigments are strongly 
fluorescent but others are non-fluorescent. Solutions are changed from green to yellow 
reversibly in the commonest type, ¢.g. from A. fabe or A. sambuci, and in some cases mild acid 
hydrolysis gives ether-soluble green pigments. Like the previous group, they are usually 
unafiected during the fermentation of protoaphin 

We have not confirmed our preliminary observations on Dactynotus jacea and D. cirsti 
(Part I, loc. cit.). The protoaphin content of D. sace@ is very small and aphins could not be 
detected in D. cirsit with the present test. The pigment obtained from these species is 
essentially a mixture of one of the above-mentioned yellow non-aphin pigments, which 
spectroscopically simulates chrysoaphin to some extent, and a red pigment which has no 
characteristic spectrum and is easily washed out of a light petroleum solution with 25% 
aqueous methanol or concentrated hydrochloric acid. 


EXPERIMENTAL. 
Unless otherwise stated, light petroleum refers to that fraction of b. p. 40-60". 
Preparation of Samples for Prelé vE tion.— Wherever possible, samples were taken from 
dense and apparently homogeneous colonies ; where these to consist of mixed tes, the results 
of any examination were ignored. Samples consisted of live insects as far as possible; where it was 


necessary to preserve the insects before identifica/iion, 5 ee San preferably containing 
a variety of forms, was taken and suspended in a mixture of 90% ethanol (2 vols.) and 75% (w/w) lactic 
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acid (1 vol it was also of value to keep samples of the host plants as the differentiation of closely 
related species Waa auied by the knowledge of the hosts as wei! as the date of collection. 


The Examination of lasects for Pigments.—lLiving meects (about 6 mg.; 1-—20 individuals) were 
crushed and stirred in 80%, acetone (0-5 c.c.) in a small test-tube, light petroleum (0-5 c.c.) was added, 
the mixture shaken and centrifuged, and the two layers (4 and B = aqueous and light petroleum layers, 
f tively) separated. A second similar sample of insects was crushed in phosphate buffer, pH 6-5 
oO ; «.¢.) and the muxture kept for 3 minutes. Acetone (0-5 c.) and light petroleum (0-5 ¢.c_) were added 
and the layers © and D (aqueous and light petroleum layers, respectively) separated as before. The 


various extracts were then examined, colour, fluorescence, and spectra (hand spectroscupe) being noted, 
after dilution if necessary 


in the rare cases when protoaphin was the sole pigment of the insect, layer 4, which contained 
rotoaphin, was red with no fluorescence and was revermbly changed to yellow on the addition of acid 
ayers B and C contained so pigment and layer D, which contained xanthoaphin, was yellow with a 
greenish-yellow fluorescence and showed absorption bands at 4330 and 46204 The presence of 
santhoaphin was comfiirmed by its conversion into chrysoaphin (yellow fluorescence, bands at 4570 and 
4880 a.) om the addition of a little cold formic acid and into erythroaphin (orange fluorescence, bands 
at Se00. 5640, S210, and 4520 4.) with concentrated hydrochloric acu, preferably after a preliminary 
washing of the petroleum layer with water to remove acetone and formic acid. The erythroaphin 
frequentiy crystallised at this stage leaving the solvent almost colourless and it could also be separated 
as ite insoluble green extiam salt by shaking with aqueous sodium bydromide. Very smal! quantities of 
aphins were best detected by observing the spectrum in sulphuric acid (cf. erythroaphin-s/, Part III, 
lee. est.) and confirmed by partition between 64-72%, sulphuric acid and chloroform (Part III, Joc. cat 
If the time of fermentation was too short for complete conversion, some } rotoaphin was observed in 
layer ©, and if too long, chryseaphin as well as xanthoaphin was found in D When dead insects were 
present in the saruple, both ight petroleum layers 8 and if often contained chrysoaphin and erythreaphin 
as well as xanthoaphim, and the aqueous layer © contained certain ill-defined non-lermentable 
degradation products of protoaphin 


In most cases, however, other nomaphin pigments were also present. The green water-soluble 
yigments, being non-fermentable, appeared in both aqueous layers, mixed with protoaphin in A and free 
en protoaphin in ¢ They could also be separated from protoaphin by means of their preferential 
absorption on charcoal (Darco G 60) from aqueous acetone 


he yellow of brown light petroleum-soluble non-aphin pigments usually appeared in both layers 
Band I) They were unaffected by the action of alkali or acids, thus permitting the aphin changes 
to be followed by observations of the relative intensities of the absorption bands. When only small 
quantities of the aphins were present it was preferable to separate them by extraction with aqueous 
resorcinol, and then to re-extract the aphins from the diluted resorcinol solution with the 


reanic solvent 

Isolation of Aphins.—.Protoaphin-ph. Infested tops of burdock collected the same day were placed 
in water at 70° for 3 minutes he insects were then separated on muslin, put through a coarse sieve to 
remove parasites and drained on a Buchner funne! (no paper) moderate suction being used. The insects 
(380 g., 80%, moisture content, equivalent to 310 g. of live insects with 75%, moisture content; about 
S = 1 wmdivedeals) were diluted with methanol (to 1000 «.c.) and ground in a Waring Blendor for 
5 minutes The product was separated in a centrifuge and the pulp diluted with 60%, acetone (to 
1000 « ¢.) and again ground and centrifuged. Hyflo Superce! was stirred into the extracts which were 
then filtered, the filtrate diluted with an equal volome of methanol and extracted with light petroleum 
(2 =~ moo: } The acetone- methanol laver was concentrated under reduced pressure (to TOO c.c.), 
ooled, and stirred with active charcoal (DarcoG @, 15 ¢ which was then separated off 


The filtrate 
was concentrated (to 200 stirred with more charcoal (10 ¢ 


which was again separated off, and the 
mbined charcoal adesorbates well washed with water and eluted with 75°, acetone (700 « The 
elmate was concentrated (to 200 «. under reduced pressure, whereupon protoaphin-ph separated as 
tan coloured crystals (1-66 ¢.) which were removed tm a centrifuge, washed with water, and dried 
mm Cache Concentration of the mother-liquors, followed by re adsorption on charcoal (5 g.) and elution 
as before, gave a further quantity (0-19 ¢.) of a less pure product For analysis, the protoaphin was 
recrystallised from aqueous methanol, dissolved in aqueous sodium hydroxide (x 100), the solution 
fitered. the filtrate acidified with hydrochloric acid (6/100), and the precipitate finally recrystallised 
again from aqueous methanol (Pound, in material dried at 56°°0-1 mm C, 55-7: 3556; H, 61, 61 
CoghiggQ ye requires ©, 554, H, 57% Nitrogen, sulphur, phosphorus, and halogens were absent. 
Solutions of protoaphin-pA in concentrated sulphuric acad displayed no fluorescence and had no marked 
visible spectrum Treatment of a solution of protoaphin-pa at pH 6 (N/100-sodium hydroxide adjusted 
with x 100-Nydrochioric acid) with fresh crushed A patladelphs gave xanthoaphin-ph (spectrum 

in earher experiments rystall ne protoaphin fa was 


btained from the aqueous extract after 
removal of the methanol by rapidly treating 


it with just sufficient: charcoal to lower the pH to 5, or by 
desotusing a similar solution with ron-eachange resins 
The ApAiws-om Living 4. sambucs (100 g.) from elders were removed from the plants and worked 
for the aphine-/b (Part Ll, lee. cst Nanthoafiin-am (195 me after two 
recrystallimations from ether-carbon tetrachloride, formed bright yellow crystals (Found Cc, 63-1; 
HM. 53. CUNO, requires C, 636 H, 53% Light absorption in chloroform: Maxima at 2590, 
2810, 3500, 3790, 4070, 4310, and 4600 4., FE}, = 850, 900, 105, 387, 111, 184, and 196, respectively. 
Carysoaphen-sm (100-4 mg), after two recrystallisations from chioroform-carbon tetrachloride, was 
obtained Cs minute orange crystals (Found = C, 67-1. H, 54. C,.H,.O, requires C, 67-9; H, 5-0%%). 
Light absorption in chloroform ; Maxima at 2670, 3265, 3810, 4010, 4310, 4565, and 4855 a.; ELL, = 


720, 103, 308, 540, 110, 202. and 250, respectively. Frythroaphin-sm (182-4 mg), after two 


ep a6 deserthed 
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recrystallisations from chioroform-ethanol, formed dark-red needles (Found: C, 706; H, 448. 
Coli,,O, requires C, 70-3; H, 47%). Visible light absorption in chloroform : Maxima at 4215, 4470, 
4575, 5215, 5615, and 5865 4.; ELS, = 532, 692, 105, 232, 356, and 148, respectively 


The Aphins-ce. M. cerasi, obtained from leaves of the wild cherry, were treated in the same manner 
as T. saliguus (Part LI, loc. cit.) to yield chrysoaphin-ce as a micro-crystalline orange powder (Pound 
C, 68-46, H, 47%). Light absorption in chloroform : Maxima at 2670, 3265, 3810, 4030, 4300, 4560, and 
4850 a.; EYS, = 735, 104, 308, 522, 122, 215, and 248, respectively. Erythroaphin<e was obtained as 
dark-red needles (from chioroform-ethanol) (Found: C, 70-6, 70-6; H, 42, 42%). Visible light 
absorption in chloroform : Maxima at 4210, 4470, 4850, 5210, 5610, and 58704. E}S, «= 625, 684, 108, 
228, 352, and 146, respectively. Xanthoaphin~<e was detected spectroscopically. 

Oxidation of erythroaphin-ce with mitric acid. Erythroaphin-ce (100 mg.) was oxidised with nitri 
acid (3 c.c.) in the manner described for erythroaphin-s/ (Part L11, loc. c44.). The reaction product was 
treated exactly as before, and after methylation with diazomethane was Fy won by chromatography on 
neutral alumina. The combined crystalline fractions (20-7 mg.), obtai from the washings up to boy, 
light petroleum—benzene, were re-chromatographed on neutral alumina (0-84 g.) in order to se arate 
further quantities of oily material. The crystalline fractions (11-5 mg.) were twice recrystally from 
aqueous methanol, giving silky needles of hexamethy! mellitate, m. p. 185° undepressed in admixture 
with an authentic specimen, m. p. 187 


The Aphins-in. E. lanigerum (" woolly aphids" or “ American blight "), as obtained from apple 
trees, is copiously surrounded with very waxy threads which were ony removed by a winnowing 
process by placing the insects in a fine gauze and gently rocking them to and fro while a moderate 
stream of air was applied from below. The aphins were then extracted by the method described 
previously for A. f Xanthoaphin-in was not isolated but was detected spectroscopically, and 
the chrysoaphin-dn (lanigerin; Blount, Jec. cit.) converted into erythroaphin-jn which formed Jong thin 
red needles (Found: C, 70-3; H, 51%); a chloroform solution of this erythroaphin showed the same 
spectrum as erythroaphin-/b in the comparison spectroscope. 

The Aphins-py. Fresh S. pyri (48 g.), collected from leaves of cultivated pear trees, when 
treated as above, gave santhoaphin-py (48 mg.) after two recrystallisations from ether-carbon 
tetrachloride, as a bright-yellow solid (Found: C, 60-7; H, 46. C,,H,O,, requires C, 61-1; H, 53 
Cy HO, requires C, 61-6; H, 55%), together with erythroaphin-py as dark-red needles (51 mg.), after 
three recrystallisations from chloroform-ethanol (Found : C, 70-4; H, 46%). The light absorption of 
xanthoaphin-py in chloroform showed maxima at 2600, 2510, 3780, 4050, 4310, and 45704.; ETS, « 
860, 904, 320, 101, 180, and 181, respectively with an inflection at 36004.; E'S, = 165. Visible 
light absorption of erythroaphin-py in chloroform - Maxima at 4220, 4480, 4850, 5220, 5610, and 5870 a., 
+ + «= 538, 720, 103, 230, 355, and 143, respectively 

Strobinin; erythroaphin-st. Strobinin (kindly provided by Dr. B. K. Blount) was recrystallised 
from chloroform-ethanol. Visible absorption spectra. (¢) In chloroform: Maxima at 4200, 4470 
5200, 5610, and S60 BS ~ S41, 737, 243, 368, and 149. (6) In concentrated sulphuric acid 
Maxima at 4580, 5260, and 5670 a.; EY'S, = 635, 432, and 800, respectively. 


Grateful acknowledgment is made to the Council of Scientific and Industrial Research, Australia, 
for grants (to H. D. and J. P. E, H.) and to the Wellcome Trustees for a Fellowship (held by S. F. M.) 
The participation of one of us (S. F. M.) was made possible by Prof. C. H. Best, F.R.S., who gave 
facilities for carrying out work during 1947-1948 at the Department of Medical Research, University 
ef Toronto. We are deeply indebted to Mr. H. L. G. Stroyan who has identified the Aphididae and 
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to Dr. B. K. Biount for a sample of strobinin and to Dr. KR. N. Haszeidine for the absorption data 
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645. Fission of the Alkyl-Oxygen Bond in Carbinols and of the 
Alkyl-Sulphur Bond in Sulphides and Sulphones. 


By M. P. Barre, J. Kewvon, and C. E. Seance 


From f-methoxyphenylphenyicarbinol, pa ye boew en = and triphenyicarbinol, sul 


phones and sulphides are formed by reaction with toluene-p ——_ acid and f-thiocresol in 
acid solutions, and alkyl interchange occurs when some of these derivatives are warmed with the 
carbinols in acid solution. Coloured solutions in anhydrous acids are formed by a number of 
substituted diphenylcarbinols and other carbinols containing electron-releasing substituents ; 
they are analogous to the coloured solutions of triphenyicarbinols in sulphuric acid. From some 
of these solutions, polymeric and sulphonated derivatives have been isolated 


p- METHOX VPUBNYLOUEHVLCARDINC., 4-diphenylylphenyicarbinol, and triphenylcarbinol react 

with tol iphinic acid in formic acid solution, or in acetic acid in the presence of a little 

sulphuric aia, to yield the corresponding sulphones (cf. the preparation of sulphones from 
CRR’R”-OH + CH MeSO,H -—> CRR’R”SO,CH Me + HO 
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di- and tri-phenylcarbinol in acetic-hydrochloric acid solutions; Hinsberg, Ber., 1917, 50, 468) 
Triphenylmethanethiol and p-tolyl triphenylmethy! sulphide have been obtained by similar 
reactions of triphenylearbinol with hydrogen sulphide and with p-thiocresol. The reaction of 
toluene-p-sulphinic acid with a mixture of one molecular proportion each of p-methoxypheny!-. 
phenylearbinol and triphenylcarbinol yields p-methoxyphenylphenyimethyl p-toly! sulphone as 
the main product. These reactions indicate scission of the alkyl-oxygen bond in the carbinols 
Scission of alkyl-sulphur bonds is shown by the formation of triphenyimethane when p-tolyl 
triphenylmethy! sulphide or sulphone is heated in formic acid solution (cf. the reduction of 
triphenylcarbinol to the hydrocarbon in formic acid solution; Kauffmann and Pannwitz, Ber., 
1912, 46, 766) and by the formation of 4-diphenylylphenylmethy! p-toly! sulphone or sulphide 
on reaction of 4-diphenylylphenylcarbinol in acid solutions with p-tolyl triphenylmethy! sulphone 
or p-methoxyphenylphenylmethy! p-toly! sulphone or with p-tolyl triphenylmethy! sulphide. 


CPhySO0,C,H Me 
or > + C,H Ph-CHPh-OH > C,H,Ph-CHPh-SO,C,H Me 
MeO-C, Hy CHPh SO, C,H Me 


It has long been known that triphenylcarbinol forms coloured solutions in concentrated 
sulphuric acid, or in formic acid, and this is ascribed to formation of the carbonium cations. 
Tri-p-methoxyphenylearbinol reacts similarly in dilute sulphuric acid (Baeyer and Villiger, Ber., 
1902, 35, 1194), and coloured solid products can be isolated from solutions of this carbinol in acids. 
It has now been found that diphenylcarbinol and a number of substituted derivatives yield 
coloured solutions in concentrated sulphuric acid, and some of the substituted compounds do so 
in formic acid and in trichloroacetic acid. The colours are discharged on dilution of the solutions 
with water. In the preparation of 4-diphenylylphenylcarbinol, a by-product is formed which 
gives a colour on dissolution in formic acid. As Ziegler and Boye (Annalen, 1927, 458, 229) have 
pointed out, the estimation of the “ basicity ” of carbinols (1.¢., their tendency to ionise to the 
carbonium cation) by determination of the extent to which the coloured solutions must be 
diluted with aqueous alcohol, before the colour is discharged, can only be applied to materials 
which are known to be free from colour-forming impurities 

When kept, the solutions of some carbinols in concentrated acids deposit solids, apparently 
ota polymeric nature. The solids deposited from solutions of p-methoxyphenylphenylcarbinol in 
concentrated sulphuric acid are soluble in water and contain up to 111% of sulphur. By treat 
ment with phosphorus pentachloride followed by aqueous ammonia, the solid of highest sulphur 
content is converted into a solid which contains 44% of sulphur and 2°2% of nitrogen, «¢., in 
proportions approximately corresponding to the sulphonamido-group, which suggests that in 
the original material about one-third of the sulphur is present in sulphonic groups; of the rest 
part may be present as carbonium sulphate, A colourless polymeric substance also resulted from 
the action of formic acid on p-methoxyphenylphenylcarbinol 


EXPERIMENTAL. 


4 lnphenylyiphenyicardinol --p-Phenylbenzophenone (Friedel-Crafts reaction from diphenyl) was 
reduced with inc in alooholic sxlium hydroxide to the carbinol, m. p. 04° after recrystallisation 
Repeated recrystallisation from light petroleum did not remove impurities which gave a purple colour 
im formic acid solution The redistilied material, b. p. 258—260°/17 mm., m. p. 04-—95", was free from 
these impurities. When heated at 210° for 3 hours the carbinol undergoes some decomposition but no 
ether is formed 

Derwatiwes The Aydrogen pAthalate, prepared by the usual method, had m. p. 166—167° after 
recrystallisation from aqueous methyl! alcohol (Found: C, 701; H, 40. C,,H,,O, requires C, 79-4 
H, 49%, Its «xlium, potassium, and ammonium salts are sparingly soluble in water. The hydrogen 
succinate, prepared in the usual way, had m. p. 01-—02° after recrystallisation from ether—light petroleum 
(Found : equiv., 344. C,,H,O, requires equiv., 360 Both acid esters are sparingly soluble in organx 
solvents, and do not yield crystalline salts with the common alkaloids 

The carbinel (1:3 g.) was warmed for | hour in formic acid (25 containing sodium formate (1 g 
The formate (1:3 g.) was precipitated on dilution with water and after recrystaillisation from hght petro 
leum, amd then from alcohol, had m. p. 65-66 (Found C829, H, 56 Cool , of ), requires ¢ 83.5 
H, 56% 

Einhorn 's method yielded the benzoate (2-4 ¢ from 2-6 ¢. of rol), m. p. LOS” after recrystallisation 
trom ethy! aleohol (Pound, after heating at 100° 14mm. for 2 : C, 859; H,55. C,,H,,O, requires 
c, 8&7; H, 5% 


The methyl! ether (2-4 ¢.) was formed whem the carbinol (2.6 ¢.) was heated under reflux for 1 hour in 


methyl aloohol (25 comtainmg sulphuric acid (0-1 c.c.) and had m. p. 78° after two recrystallisations 
from light petroleum (Found C. 87-8; H,66 OC H,,O requires C 87-8; H, 66% 
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The chloride was prepared from the cartunol by (i) thiony! chlonde ‘Pyridine, (it) warm comcentrated 
hydrochloric acid, (iii) DD ccety chloride, the mixture being left over solid de until it 
solidified, and (iv) passage of dry hydrogen chioride through a solution in benzene, sta presence of aahy- 
drous cakium chloride. The chilonde was extracted from these various y, and 
lised from, light petroleum; it had b. p. 252-266" *) mm., m. p. (after fusion and  aectianecaton) 
72-73" (Found : Cl, 12-6. C,,H,,Ci requires Ci, 12> When the material is kept the m. p. falls to 
that of the freshly recrystallised material, 60—-70°, weld mast eieed te heating the salt below the m. p 
or by keeping it in vacuo. The methyl ether (m. p. and mixed m. p. 77-78") crystallises on cooling a 
warmed solution of the chloride in methy! alcohol. 

4-Diphenylylphenylmethyl p-Tolyl Sulphone.—Sodiam toluene-p-sulphinate (10 g.) was added to a 
solution of the carbinol (1-3 g.) in formic acid (10 c.c.), and the mixture boiled for 1 minute and then 
poured into water. The precipitated sulphone (2-1 ¢ ), recrystallised from methyl acetate, had m. p 
197—198° (Found: S$, 7-8. C,,H,,O,S requires 5, 80%). 


4-Diphenylyiphenylmethyl p-Tolyl Sulphide.—The carbinol (1-3 g.) was added slowly to a solution of 
p-thiocresol (0-7 g.) in warm formic acid (10 c.c.). The mixture was diluted with water and the precipi 
tate (20 g.) filtered off. After two recrystallisations from aqueous acetone it yielded the sulphide, m. p 
130—131° (Found: S$, 87. C,,H,,S ires S, & 7%). On oxidation with potassium permanganate 
in acetic acid solution it yielded the sulp' , ™. p. and mixed m. p., 196-197". 

p-Methoxryphenylphenyimethyl p-Tolyl Sulphone._Prepared from the carbinol (2-0 g¢.) and sodium 
toluene-p-sulphinate (2-0 g.) in formic acid (20 c.c.), the sulphone se ted on dilution with water; it had 
m. p. (after recrystallisation from methyl acetate) 161-——162° (cf. Part 11, J., 1042, 605, and Part V, / 
1946, 810; the m. p. 87-—-88* recorded on p. 811 of Part V is incorrect In a samilar experiment in 
which sodium toluene-p-sulphinate (1 mol.) was added to a mixture of »-methoxyphenyiphenyicarbino! 
(1 mol.) and triphenylcarbinol (1 mol.}, this sulphone was the main product. 

p-Tolyl Triphenylmethyl Sulphone.—-The carbinol (1-3 g.) was warmed in 30 c.c. of acetic acid con 
taining 5 drops of sulphuric acid, sodium toluene-p-sulphinate (0-8 g.) was added, and after 5 minutes 
on addition of 5 c.c. of water, the sulphone was Le pitated and was recrystallised from benzene—light 
petroleum ; it had m. p. 172—-173° (Found : 5, 7 Cale. for CygH,O,S; S, 80%). Meyer and Fischer 
U. pr. Chem., 1910, ii), 88, 521) give m. p. 173°: as they observe, t ‘sulphone decomposes in the pres 
ence of water. 

p-Tolyl Triphenylmethyl Sulphide.—The cartinol ((5-2 g.) and p-thiocresol (2-6 ) warmed together in 
anhydrous formic acid for 30 minutes, gave the sulphide, m. p. and mixed m. p. 149° (cf. Part V, /., 1946 
807) 

Tniphenylmethanethiol._—_ Hydrogen sulphide was passed through a solution of the carbinol (2-6 g.) 
im acetic acid (20 c.c.) and sulphuric acid (2 drops) until the ye colour was no longer restored on 
warming. Addition of water (3 c.c.) precipitated the thiol (2-1 g.) which, recrystallised from alcohol, had 





m. p. 106—107° and yielded a benzoate, m. p. 186—-187°. VorlAnder and Mittag (Her., 1913, 46, 3450) 
record m s 107° and 185° for the thiol and benzoate otively er ee ene 


phenylear also react with hydrogen sulphide, but products could not be purified. 


Reachons of Tolyl Triphenylmethyl Sulphide pom Sulphone.—(i) With acid. The sulphide (0-5 g.) 
in formic acid (25 c.c.) was heated under reflux for 15 hours, then diluted with water, and extracted with 
ether, which was washed with aqueous sodium hydroxide. From the ethereal solution, triphenylmethane 
(0-25 g.; m. p. and mixed m. p. 92—93°) wasisolated. From the sodium hydroxide extract p-thiceresol 
was obtained, yielding (Schetten- Baumann) the benzoate, m. p. and mixed m.p.75°. Triphenylmethane 
was obtained in a similar experiment with p-toly! triphenylmethy! sulphone 


(ui) With 4-diphenylyiphenylcarbinol. A solution of the carbinol (1-0 g.) and the sulphide (1-5 g.) in 
acetic acid (25 c.c.) and sulphuric acid (0-5 c.c.) was warmed on the steam-bath, then diluted with a little 
water, which discharged the purple colour ea Imethy! p-toly! sulphide (1-0 g.) separated 
after recrystallisation it had m p. and mixed m 131°. In a similar experiment, using p-toly! 
triphenylmethy! sulphone, +-digteaytytehonvtanstlyh p-te toly! sulphone, m. p. and mixed m. p. 106-197", 
was obtained. 


Reaction of p-Methoxyphenyiphenyimethyl p-Tolyl Sulphone with 4-Diphenylyiphenyicarbinol —The 
carbinol (0-5 g.) was added to a mixture of the sulphone (0-7 g.), acetic acid (20 c.c.), and sulphuric acid 
(4c.c.). After 10 minutes on the steam-bath, the mixture was diluted with water to %#c.c. 4-Diphenylyl- 

henylmethy! p-tolyl sulphone was precipitated ; it had m. p., after recrystallisation, and mixed m. p 
95-197". 

Dissolution of the Carbinols in Acids..-Yellow or orange solutions were formed in concentrated 
sulphuric acid by diphenylcarbinol (1), en ete (II), 2:4- (111) and 3:4 
eeeavhonstinal Tv Sanaa (IV), o-methoxyphenyl-p-methoxy —— (V), di-p-methoxy 

arty eaiphe ), zanthhydrol (VII), and wipkonyt ae (i if) rple or violet solutions were 


fat te foo (XI p-methyith a henycarbinl (X), p-methox 
diphenyivicarbiec! { methyithaophen fphen carn Kin. naphtbhyliphenylcartino xt 
and 2-methoxy-! thyiphenyicarbina Yn a fonds acid, pre y coloured po wrk were 


obtained from (IT), II), (VIII), and (XI); solutions were given by (I), (IV), (1X), 
(X), COU, OXI, and (XIV) (X%) gave a coloured solution in cae eS + memenedem acid. All the solutions were 
decolorised on dilution with water, and after long storage, or on heating, the solutions in sulphuric acid 
gave water-soluble products. 


Peucminapenieaiind wnemmnainnt, A solution of the carbinol (3-0 ¢_) 
in concentrated sulphuric acid, 2 weeks at room temperature, was diluted slowly to 150c.c. with water 
with cooling. The yellow colour was discharged after addition of part of the water, and a dark red solid 
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was finally ted. It was dried over quicklime. It softened slowly when heated above 150°, and 
comtained 11-19% of sulphur. When this material was triturated with phosphorus pentachionde and the 
mixture warmed, it was converted into a brillant red solid, which was converted by conc 

ammonia into a brown solid, softening at about 180° {Found S, 44; N, 22%; M (Rast), | 2300) 
? Methoxyphenyiphenylcarbinol (1-0 g.) dissolved in 96%, formic acid (15  c.) to give a yellow solution, 
from which a solid began to separate after 10 minutes. After 2 days the solution was diluted with water 
and the solid (0-9 ¢.) separated, crushed, dried, and recrystallised twice from ethyl alcohol, in which it 
was sparingly soluble; its m. p. (indefinite) was > 110°, and its mol. wt. (Rast) 840. Bisdi-(p-methoxy 
pheny!)methy! ether reacted similarly, yielding a solid, m. p. (indefinite) > 110° (Found: Af (Rast), 785) 





Thanks are expressed to the Government Grants Committee of the Royal Society and to Imperial 
Chemical Industries Limited for grants. 4-Diphenylyiphenyicarbinol and its hydrogen phthalate and 
hydrogen succinate were prepared by Mr. K. Parvin 
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646. Nitration in Sulphuric Acid. Part VI. Nitration of the Tri- 
methyl-p-tolylammonium Ton in 75-85%, Sulphuric Acid. 


By Gwyn Witttams and Amsa M. Lowen 


Compounds containing an activated aromatic nucleus may be rapidly nitrated by nitric 
acid sulphuric acid-water mixtures, containing more than 3) moles %, of water, in which the 
nitroniem jon has not been detected spectroscopically. In order to examine a — of 
this kind, rates of nitration of the trimethyl-p-tolylammonium ion (structurally analogous to 
pP-nitroteluene) have been measured in 75-—82% H,SO, between 175° and 45 At 25", the 
rate of nitration rises very rapidly m media stronger than 80% H,SO, and approaches zero 
asymptotically at about 75% H,SO, Vapour-pressure evidence indicates that the NO,OH 
molecule is unlikely to be the nitrating agent. A decision between the H,NO,* and NO,° ions 
as nitrating agents is considered in Part VII (following paper) 


Tun nitrating activity of a mixture of nitric and sulphuric acids depends on the water content 
of the mixture. Hetherington and Masson (/., 1933, 105) have shown that, under ordinary 
preparative conditions in a two-phase system at 35°, nitrobenzene is only nitrated at an 
appreciable rate by acids containing less than 50 moles %, of wate:. For very small nitric acid 
content, the limiting condition corresponds to an equimolar medium of water and sulphuric 
acid (84°5°, H,SO,). For higher nitric acid contents, Hetherington and Masson established a 
boundary of limiting nitrating compositions, on the aqueous side of which nitrobenzene is not 
nitrated. Analogous results have been found for the two-phase nitration of 2 : 4-dinitrotoluene 
(DNT) to 2: 4: 6-trinitrotoluene (TNT) at 90° (Bennett, Brand, D. M. James, Saunders, and 
Williams, Part V, /., 1047, 1185; tdem, with Dine, Fysh, McClelland, and Wiseman, /]. Soa 
Chem. Ind, 1947, 66, 288). With mixtures containing 2—15% nitric acid the vields in two 
phase batch nitrations fall towards zero as the mole ratio H,O/H,SO, rises to unity. In kinetic 
experiments, carried out with smal! concentrations of reagents dissolved in sulphuric acid 
water mixtures of different compositions, the rate of nitration of dinitrotoluene at 90° falls 
sharply towards smal! values as the mole ratio H,O/H,SO, for the medium rises towards unity 
(Part IV, /., 1947, 474); and the same is true for the nitration of nitrobenzene, p-chloronitro- 
benzene, and the trimethy!phenylammonium ion at 25° (Bonner, M. E. James, Lowen, and 
Williams, Nafere, 1949, 163, 055) The accepted interpretation of these facts is that the above- 
mentioned substances are only nitrated by the nitronium (NO,*) ion, one argument being 
Bennett, Brand, and Williams, Part I, /., 1946, 869) that Hetherington and Masson's line of 
limiting nitrating acid compositions which fail to nitrate nitrobenzene nearly coincides with a 
locus of ackl compositions (Chédin, Amn. Chim, 1937, 8, 243) in which the Raman line 
characteristic of the nitronium ion is just detectable 

Om the other hand, benzene (Lewis and Suen, Jnd. Eng Chem., 1940, 32, 1095) and toluene 
(McKinley and White, Trans. Amer. Inst. Chem. Eng, 1944, 40, 143) can be nitrated in a two- 
phase system by nitrating acids whose compositions lie outside Hetherington and Masson's 
boundary ; and the nitration of mono- to di-nitrotoluene is often conducted with similar nitrating 
acids. The experiments shown in Table I have been carried out to illustrate this point. The 
initial acid composition for Experiment 3 lies approximately on the boundary; yet the 
compound is completely nitrated 

It is clear, therefore, that benzene, toluene, and p-nitrotoluene can be nitrated by acids in 
which the nitronium jon has not yet been detected spectroscopically. The entity which nitrates 
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these compounds under the usual conditions is therefore not known *® It may be the neutral 
nitric acid molecule NO,-OH, or the nitracidium ion H,NO,* (Halberstadt, Hughes, and Ingold, 
Nature, 1946, 158, 514), or it may be the nitronium ion present in very small concentration. 


Tasts I 


Nitration of 25 g¢. (0°18 mole) of p-mitrotoluene by 022 mole of HNO, im mixed acids of 
varying composition 


Nitration no 2 





Mole 
we %& fraction 
H,SoO, . 774 Ow) 
HNo, : ‘ : 14 ole 
H,O : ; 10-8 0-388 
Mole H,O/H,SO, ratio, initial 77 
Mole H,0/H,SO, ratio, final, calc “62 0-05 
Yield (%) of (NO,),C,H,CH, ... . 08-3% 


* The slightly lower yield in experiment | is fortuitous 


Kinetics of Nitration in 75-—-85°, Sulphuric Acid —Hammett has pointed out ( Physical 
Organic Chemistry,”” New York, 1940, p. 277) that kinetic data for reactions are lacking in 
sulphuric acid- water media in a range intermediate between fairly concentrated sulphuric acid 
and dilute aqueous acid. No kinetic results for nitration are available for media in the range 
75—85%, sulphuric acid. The choice of a compound for investigation in this range presents 
some difficulty, though guidance is furnished by the results of Martinsen (Z. physital. Chem., 
1904, 50, 385; 1907, 50, 605). To be suitable a compound must not only have a measurable 
nitration velocity in this range of media; but it must also be soluble enough to permit reasonable 
variation of its concentration. Many substances show a solubility minimum in this range of 
sulphuric acid-water mixtures (Hammett and Chapman, /. Amer. Chem. Soc., 1934, 56, 1282) 
We have examined a number of compounds. -Nitrotoluene, the most obvious choice, has a 
suitable nitration velocity but limited solubility. Benzoic acid, phenylacetic acid, and sodium 
benzenesulphonate are rather rapidly nitrated, and also have rather unfavourable solubilities 
Benzenesulphonic acid is nitrated at a suitable speed in 80% sulphuric acid and presents no 
solubility difficulty ; but its extreme deliquescence makes it unattractive. Toluene-p-sulphonic 
acid is nitrated much too rapidly. (That benzenesulphonic acid can be nitrated rapidly in 80%, 
sulphuric acid, and nitrobenzene only very slowly, is an illustration of the much weaker deactiv 
ating influence of the SO,H group on substitution, compared with the NO, group.) The most 
suitable compound was found to be the trimethy!-p-tolylammonium ion which may be introduced 
as its nitrate or as its methy! sulphate (the more desirable hydrogen sulphate is too hygroscopic) 
The quaternary ammonium salt presents no solubility difculty and is nitrated at a convenient 
rate in the media in question. It is structurally related to the trimethylphenylammoniam ion 
in the same way as p-nitrotoluene is related to nitrobenzene. The NMe,Ph* ion is not nitrated 
at al! in 80% sulphuric acid at 25°. The kinetics of its nitration in 85—100% sulphuric acid 
have been worked out (unpublished experiments of Dr. T.G. Bonner; cf. Nature, 1949, loc. cit.) 

Nitration of the Trimethyl-p-tolylammonium Ion.—This ion (present as nitrate) was nitrated, 
with nitric acid, by Vorlander and Siebert (Ber., 1919, 52, 304). The only nitration product 
isolated contained the nitro-group in the orthe-position to the methyl group. In 
0-lm-concentration (with 0-lm-nitric acid) in sulphuric acid media the p-C,H,Me-’NMe,* ion is 
(a) completely nitrated in less than 1°75 minute at 0° in 98% sulphuric acid, (6) not nitrated in 
18 hours at 5° in 70%, sulphuric acid, and (c) not nitrated in 24 hours at room temperature in 
65% sulphuric acid. The ion is nitrated at a measurable speed in 76-—82% sulphuric acid at 
25°. No nitrous acid is formed during the reaction at 25°, indicating that the nitration of 
this ion at 25° is not accompanied by oxidation 

For fixed initial conditions, the rate of nitration in a given experiment is given by the equation 

—d(HNO,) jd = &,[p-C,H Me-NMe, * }(HNO,) (1) 
in which [HNO,) is the stoicheiometric concentration of total nitric acid. Kesults, justifying 

* Westheimer and Kharasch (/. Amer. Chem. Soc., 1946, 68, 1871; cf. Part VII, following paper) 
have made it very probable that nitronium ion is responsible for a slow nitration of nitrobenzene in 
80% sulpburic acid. But the reagent which nitrates more active aromatic molecules at a speed one 
th 


times greater in the same medium, and which is also effective in more aqueous media, still 
needs to be identified. 
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equation (1), are given in Fig. 1, in which 1 HNO,) is shown to be linear with time for a number 
of representative experiments. The rate of nitration may be measured by analysing the reaction 
mixture, at known time intervals, for nitric acid. Two analytical methods have been used; 
they give closely concordant results (see Table 11 and, particularly, Fig. 1, expt. 70). In most 
of the experiments, the reaction mixture has been made up by dissolving trimethyl-p-tolyl 
ammonium nitrate in the sulphuric acid medium, whereby the reagents are automatically 
introduced in equimolar proportions, and nitration starts immediately. We have obtained 
concordant results by mixing solutions of trimethyl-p-tolylammonium methy! sulphate and 
aitric acid (eg., see expts. 70 and 81 im Fig. 1). The conversion of the nitrate ion into the 
nitrating agent is therefore not a rate-determining step in the media employed 


Tasie II. 
Temp. 25° 
Medium 
os . a Initial concn. 
Mol. ratio of ton Analyt 
H,SO,, %- H,O/H,SO, nitrate, M method 
81-68 (0 1-220 1010 
oll 
80-58 (P 131) ©-1012 
1011 
13 1350 o-1013 
©1013 
1013 
O-1014 
1011 
1011 
o-1011 
O-1011 
1011 
©1012 
®-1012 
o- 1009 
ion O1O1L = 
HNO, O-1014 J 
o1011 
7 ® 1010 
00-1010 
o-1l01l0 
1011 
1011 
{ ion 0-13 
HNO, 0-10 
o-1011 
0-1012 
0-1011 
O-1011 B 
76-83 (0) 1011 B 0-0593 00599 
©1011 B 0-004 


75-78 (H 06-1009 B 0-0250 00244 
0-1010 B 0-0238 


* Quaternary ion introduced as methy! sulphate. 


a, (mean) 
|. mole min.~* 
65 


156 


Influence of Medium Composition.—-The coefficients 4, of equation (1) are constant only 
for fixed initial concentrations of reactants in a specific medium. Only results for the influence 
of changing medium composition on A, are given in this paper; they are contained in Table II 

In Fig. 2 the influence of medium composition on nitration rate is compared with its 
influence on the vapour pressure of nitric acid over solutions of nitric acid in sulphuric acid 
water mixtures. The broken line in Fig. 2 represents the vapour pressure measurements of 
Vandoni (Mém. Services chim. de I’ Etat, 1944, 31, 83, 87) for a fixed content of nitric acid 
(4°85% w/w) dissolved in media composed of water and sulphuric acid in varying molecular 
proportions. The partial pressure of nitric acid is always a maximum over mixtures of equal 
mole fraction of water and sulphuric acid (¢.g., compare Berl, Andress, and Escales, Kunstoffe, 


1937, 27, 23). From Fig. 2 it may be inferred (a) that the rate of nitration varies very rapidly 
lOc 
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with medium composition in a region in which the vapour pressure of nitric acid changes slowly, 
and (}) that nitration becomes very slow in media over which nitric acid still exerts a vapour 
pressure equal to 40% of the maximem value. If the vapour pressure can be taken as a measure 
of the concentration of un-ionised nitric acid in the solution, then it is unlikely that the NO,-OH 
molecule can be the agent which nitrates the p-C,H,Me-NMe,* ion in 75—82% sulphuric acid 
media 

Influence of Temperature — Results at different temperatures are shown in Table III; anda 
pair of experiments at 45° (77/78) is included in Fig. 1. The results correspond to the Arrhenius 
equations (2) and (3) 


Medium . 80-02% H,SO, 
23 « 10 e- BOO RT | mok 


Medium 76-83% H,SO, 
a3 10*® e117 480/8T | mole 


Taste Ill 
Medium 
putamen — Initial concn 
Mol. ratio ion nitrate, » 
H,O,/ Ho 1 Mt Lmole*min.~' 
1-359 o1010 
33 1010 
Mean from Table I 
75/76 101 
0- 1010 
© 1008 
o- [O09 
Mean from Table I 


EXPERIMENTAL, 


Maternals Trimethyl-p-tolylammoniuem nitrate, Trimethyl-p-tolylammonium iodide prepared from 
limethy!-p-toluidine and methy! iodide was converted in aqueous solution into the nitrate by the action 
of silver nitrate uiver todule was filtered off and excess of silver was removed with hydrogen sulphide 
After evaporation of the filtrate, the crude quaternary nitrate crystallised out in a vacuum desiccator 
The salt was recrystallised from warm ethy! alcohol and ether, and had m. p. 130--—-131° (Found for two 
amples: C, 564,565; H, 75,76; N, 128,132. Cale. for C,H,O,N,: ©, 56-6; H, 7-6; N, 13-2% 
Che salt is slightly hygroscopic but can be handled without elaborate precautions 


Trimethyl p-tolylamumnontiam ficrate (Found. C, 3-8 H, 49; N, 146. Cale. for C,,H,,0,N, 
C, 8; H. 48) N, 148%) had m. p. 195-—106" (cf. Voridnder and Siebert, loc. ctt., m. p. 195-—197 
Groenewoud and Rotunson, J., 1934, 1692, m. p. 193-—105 


lrimethyl-p-tolylammonium methy! sulphate (ct. Brand, /., 1950, 997) was prepared from dimethyl-f 

slime (12 g.) and methy! sulphate (11-2 g.) in benzene (25 ml.) The crystalline product separated 
either at once on heating or after about 40 minutes. Further heating is detrimental. The crude product 
was purified either by recrystallisation from a large volume of acetone or by precipitation with ether froma 
lution in methyl aloohol; the salt had m. p. (in open capillary) 142-—143° (some decomp.) (Found : ¢ 
512, H, 70, N.&2, S120. Cale. for C,,H,O.NS: C, 50-5; H, 7-3; N, 54; S, 12-2% The sub 
stance ts not tiresomely hygroscopic, contrary to the statement of Ullmann (Aanalen, 1903, 387, 111 
whose product was possibly an impure quaternary sulphate or hydrogen sulphate. The methy! sulphate 
jecomposes somewhat at about 80° with formation of free 50, but it can be preserved unchanged for 
two months if kept cold in a desiccator 

An attempt was made to prepare trimethy!l-p-tolylammonium sulphate; but the substance was 
ntolerably hygroscop 

Reaction Medsa Sulphuric acid-water media were analysed by means of potassium iodide and 
potassium nxdate As shown in Fig. 1, the rate of nitration is very sensitive to medium composition 
The limit of accuracy in determining medium composition is illustrated by the following figures 


%H,SO,: Mediom Q: 81-67, 81:70. Medium P: 80-54, 8063. Medium G: 80-11, 80-11; after 
| month, 50:16, 80-07; after I months, 80-20, 80-12. Medium K 77-73, 77-78; after 7 months, 77-90 
Medium #7. 75-76, 75-80. after § months, 75-84 


When required, solutions of nitric acid were prepared by adding pure nitric acid to the medium in 
question. They were analysed for nitric actd by the methods described below 


bVelocaty Measurements Reaction was started by dissolving a known weight of trimetnyl-p-tolyl- 
ammonium gitrate in a known amount of mediam at thermostat temperature Lissolution of the salt 
was immediate, but any uncertainty about zero time for the reaction was eliminated by 
graphical computation of &, from lines such as those in Fig. |. 5-ml. Pipette samples were withdrawn 
for analysis and run into ice-cold quenching liquid—30 ml. of correctly adjusted aqueous sulphuric acid 
for analysis by method A, or 10-15 ml. of water for method B 
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The heat of solution of the solid salt caused an initial tare rise in the solution of as moch as 
1* in 82%, sulphuric acid mediam, falling to 0-1" of zero in 78% medium. The maximum error im 4,, 
due to this cause, amounts to 1—1-5% at the beginning of the reaction. Dilution of the medium by 
the water formed during complete nitratson—with 0 lm-reagents——might lower 4, by some 3% in those 
media in which nitration is at its most sensitive to water content. Sampling was not generally continued 
much beyond 64%, nitration 


Volatility of Nuric Acid. When dissolved in 75-85% sulphuric acid, nitric acid is probably present 
mainly in un-ionised form. To test for possible loss of nitric acid vapour during a nitration i 
0-0958m-nitric acid in 76-83% sulphuric acid was held at 45° (conditions of expts. 77/78, Table 11), 
and was given the same sampling treatment as a normal reaction mixture. After 4 hours the nitric acid 
concentration fell to 0-094Im., i.¢. by 18%. This was not a serious loss and could be expected to be less 
at 25°. There was no loss of nitric acid from a 0-1u-solution in 80% sulphuric acid, kept at 25° for 
25 minutes 


Absence of Oxidation Reaction.—During the nitration of di- to tri-nitrotoluene at 90°, some dinitro- 
toluene is oxidised, with formation of nitrous acid. To test for a similar oxidation during nitration of 
the »-C,H,Me-NMe,* ion, samples of a reaction mixture in 80% sulphuric acid were analysed for nitrous 
acid, using chloramine-t, potassium iodide, and thiosulphate, with the following results 

Blank chloramine-r titre, ml. : 11-69, 11-65, 11-71, 11-73. Mean 11-70 


Titres (ml.) after treatment of chloramine-T with 2-ml. samples of reaction mixture . after 10 minutes’ 
nitration, 11-79; after 25 minutes, 11-72 


Thus, no nitrous acid is formed during the nitration of the trimethy!-p-tolylammonium ion at 25 


Analytical M ethods.— For analysis, nitration must be stopped at a definite time in a sample of reaction 
muxture; and the analytical problem is then to estimate nitric acid in a solution containing a readily 
nitrated organic compound. The excellent method (Treadwell and Vontobel, Mele. Chim. Acta, 1937, 
20, 573; cf. Bennett, Brand, James, Saunders, and Williams, Part IV, loc. oi.) of electrometric titration 
of nitric acid with ferrous sulphate at 0° cannot be used, because this titration is carried out in 
a concentrated sulphuric acid medium, in which the aromatic compounds discussed in this paper are 
nitrated even more rapidly than in the original reaction mixture e have tried to use the titration in 
reverse by running a sample of reaction mixture into an excess of ferrous sulphate solution and back 
titrating with standard nitrate solution, but the end-point is not sharp because of further nitration of the 
aromatic compound as soon as the end of the titration is reached. Successful results have been obtained 
with two analytical methods 


Method A. This is a modification of the Treadwell-Vontobel method, devised by Mr 
W. W. Jones, M.Sc., of the Explosives Research and Development Establishment, Ministry of Supply 
The titration is carried out in 65% sulphuric acid solution at 50°, the organic compound not being 
nitrated in this medium. The sample of reaction mixture is run into 30 mi. of ice-cold aqueous sulphurk 
acid, adjusted to make the final medium 65% sulphuric acid. The solation is titrated with a standard 
solution of ferrous sulphate in 40% sulphuric acid to an electrometric end-point. We found that the 
first drop of ferrous sulphate added was often slow to react with the nitrate. A small crystal of pure 
ferric chloride, added at the beginning of the titration, removed this difficulty. The following are 
drawbacks of the method : (a) the — jump at the end-point is only of the order of 50 mv. instead 
of the 200-300 mv. observed in the titration in highly concentrated sulphuric acid; (}) air must be 
excluded during the titration by babbling a stream of carbon dioxide through the solution: since nitric 
acid is present mainly in the undissociated form, there is danger of some loss of mitric acid by volatilisation 
if the carbon dioxide stream is too fast; (c) the platinum electrode immersed in the solution is subject to 
capricious misbehaviour which does not yield to cleaning of the electrode, a bad electrode gives sloping 
and indefinite end-points 


Under the most favourable conditions the method has given good results. ¢.¢., 4-08 ml. of 0-0981n 
og nitrate solution required 4-16, 4-15, 4-13, 4-18, 4-17 mil. of ferrous sulphate solution. Hence 
FeSO,, found 0©-2402m.; calc 0-2406m. 


Titration in 70% sulphuric acid medium at 50—60° gave sharper, but less consistent, end-points 


Methed B. This was a slight modification of the method of Kolthoff, Sandell, and Moskovitz 
UJ. Amer. Chem. Soc., 1933, 66, 1454). Nitric acid in concentrated bydrochloric acid solution is 
reduced to nitric oxide by excess of standard ferrous sulphate solution at the boiling poimt in the absence 
of air, with ammonium molybdate as catalyst. Excess of ferrous sulphate is titrated with potassium 
dichromate 


In operation, nitration was stopped abruptly and definitively by running the sample of reaction 
mixture into 10—15 ml. of water. At least 50%, excess of ferrous sulphate solution was added, followed 
by 70 ml. of concentrated hydrochloric acid and 4—65 g. of sodium hydrogen carbonate to expel air 
The solution was boiled for 2 minutes to loxygen, and 3 mi. of a 1% solution of ammonium yodate 
were added. The reaction was completed by 10 minutes’ . After cooling, the excess of ferrous 


sulphate was determined by titration with stand hromate to the electrometric “ dead 
stop end-point of Foulk and Bowden (J. Amer, Chem. Soc., 1926, 48, 2045), observed by having a 
potential difference of 15 mv. across two similar bright platinum wire electrodes dipping into 
solution. At the equivalence point, when all ferrous ion had been oxidised, polarisation occurred and 
flow of current ceased. The end-point could be judged to 041 mi. 

The following is an example of the titration : 


(a) Approx. ™/4-ferrous sulphate required: 10-99, 11-03, 10-965, 10-09 mil. of approx 
x /10-pot dich te solutions. Hence, 4-99 mi. of ferrous sulphate solution are equivalent 
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to 11-01 ml. of potassium dichromate solution. (Buffering of solutions for this titration showed no 
advantage ) 

(6) 4-08 ml. of 0-0737u-potassium nitrate solation in 40% H,SO,, after treatment with 7-98 ml. of 
the ferrous sulphate solution, required : 7-23, 7.33, 7-21, 7-26, 7-30 mi. of the assium dichromate 
Hence, FeSO, ~ 0-2353m. Another standardisation, with 0-0987™-KNO, gave FeSO, = 0-2355m 

Titration by methed B of an aqueous solution of trimethyl-p-tolylammonium nitrate with the 
standardised ferrous sulphate gave 60-4704 g.-ion of nitrate per 100 g. of salt (calc. 0-4713 g.-ion/100 g 


We thank the Chief Scientist, Ministry of Supply, for permission to publish this work 


Rovat Houtoway Cottece (Usirversrry oF Lowpo), 
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647. Nitration in Sulphuric Acid. Part VII. The Nitronium Ion 
Nitrating Agent in 75-—-85°%, Sulphuric Acid. 


By Aisa M. Lowun, M. A. Murray, and Gwyvn~ WititaMs 


As pointed out by Westheimer and Kharasch, the ionisation of nitric acid to form the 
1itroniom jon in a sulphuric acid medium is analogous to the tonisation of a triarylcarbinol 
imdicator. The variations in degree of ionisation, as a function of medium composition, for 
three triaryicarbinol indicators, are shown to run paralle) to one another in 65-90%, sulphur! 
ach The variations of ionisation also run closely parallel to the variation, with medium 
omposition, of the logarithm of the velocity coefhcient for aromatic nitration in the range 
75-82%, sulphuric acid The inference is that the nitronium ion is formed in small con 
centration in 75--85% sulphuric acid solvent, and in sufficient concentration to act as a 
nitrating agent 


INDEPENDENT physical evidence for the formation of the nitronium ion from nitric acid dissolved 
in 75-85%, sulphuric acid is lacking (Part VI, preceding paper Nevertheless, its presence 
as a nitrating agent may be tested for, and a distinction between the nitronium and nitracidium 
10S as nitrating agents may be drawn, by an extension of the indicator method, successfully 
employed by Westhemer and Kharasch (/. Amer. Chem. Soc, 1946, 68, 1871) to show that 
the nitronium ion is effective for the nitration of nitrobenzene in 80-90%, sulphuric acid 

The Nitvacidium Ion as Nitrating Agent.—-To form the nitracidium ton, nitric acid must 
jonise in sutphuric acid in the way shown in equation ()) 


NOYOH ‘ H,SO, = H,NO,* ‘ HSO, i 


The ionisation is a simple proton uptake by the nitric acid molecule. Consequently, by the 
reasoning of Hammett and Paul (iid... 1934, 56, 830), if the nitracidiom ion is the effective 
reagent in a nitration reaction, in a given range of sulphuric acid—water media, then log A, for 
the nitration should be related to the acidity functions H, of the media by a straight line of 
unit gradient, provided that the extent of ionisation of nitric acid is small 

The Nitromium Jon —In concentrated sulphuric acid, nitric acid ionises according to 
equation (2 


NOyOH 2H,SO, — NO,’ OH," » 2HS« * 


Chis form of ionisation is not purely a proton uptake; and Westheimer and Kharasch (la 
ut.) have pointed out the analogy between equation (2) and equation (3), which applies to the 
ionisation of a triarylearbinol, ROH, im concentrated sulphuric acid (Hantzsch, Z. physihal 
Chem, 1008, 61, 257. Hammett and Deyrup, /. Amer. Chem. Soc., 1933, 55, 1900 


ROH + 2H,SO, ==> R OH,* + 2HSO, (3 


Westheimer and Kharasch went on to prove experimentally that nitration velocity coefficients 
in 80--90°, sulphuric acid run parallel to the ionisation ratio for 4: 4’ : 4’-trinitrotripheny! 
carbinal ly using more strongly basic indicators, we have extended their method to more 
aqueous media The underlying theoretical arguments are as follows They are analogous 
to those of Hammett and Deyrup, and Hammett and Paul (:j:d., 1932, 54, 2721, 4239; 1934, 
56, 827), for neutral bases acting by sample proton uptake 

The lomsation of Carbinol Indicators.—-Let Ky, and A, be the thermodynamic equilibrium 
constants, defined in terms of activities, for two carbinol indicators ROH and SOH. If the 
two carbinols are placed in the same sulphuric acid-water medium, in such small concentration 
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that they do not disturb the activities of the medium constituents, then, independently of the 
precise form of K, 


pk, — pAs — log Ro — log on + log (i ‘ a} : (4) 


For proton uptake by two simple bases B and C, it has been proved that fypu+/f, = fogs /o 
(Hammett ef al., loc. ait.; also, Hammett, “ Physical Organic Chemistry,”” New York, 1940, 
p. 263). If it can be shown, for the carbinol indicators, that, similarly, f,+/{pag = {9+ /feon. 
then the term in activity coefficients in equation (4) is zero; and, since pX, and pK, are 
thermodynamic constants, independent of medium, 


R*) Sr) 
log ROW — log Si nw = Const. (independent of medium) (5) 


From the similarity of equations (2) and (3), it would then be plausible to expect equation (6) 
to be true 


(R*) (NO,* : 
log mon ~ log (NO,OH) = Const. (independent of medium (6) 


The validity of equation (5) may be tested, experimentally, by plotting log (/R*)/[ROH)) 
for a series of indicators against the composition of the sulphuric acid-water medium, taking 
care that the media used for different indicators should overlap in composition. A series of 
parallel lines should result if equation (5) is well founded 


RESULTS 


Westheimer and Kharasch (loc. cit.) have already examined the ionisation of 4: 4’: 4”- 
trinitrotriphenylcarbinol in 80-90%, sulphuric acid. To shift the range of varying ionisation 
into more aqueous media, stronger bases are needed. The bases must also be soluble in 
moderately aqueous sulphuric acid. Both conditions are met by working with triarylcarbinol 
indicators carrying trimethylammonium groups as substituents, and by introducing them as 
perchlorates. lonisation should be complete, in all media, at the ionic centres of the trimethyl 
ammonium groups, and the only variation of ionisation should be at the tertiary carbon atom 
(as in equation 3). We have used the indicators (Table I) 4: 4’ : 4-tris(trimethylammonium) 
triphenylearbiny] methyl ether triperchlorate (I) and 4: 4’-bis(trimethylammonium)triphenyl- 
carbiny! methyl! ether diperchlorate (III). The methyl ethers were used owing to convenience 
in preparation. We have examined one of the corresponding carbinols (II) to make sure that 
the ionisation of the methyl ether is not anomalous. For comparison, we have also made 
measurements with Westheimer and Kharasch's indicator (1V) 


Taare I 
Indicator lonising in 
1 (CHO. ){(p-Me,N-C,H,),C-OMe 78-00% H,SO, 
Il (Cw, \sl(p>-Me,N-< «H,),C-OH #% H,SO, 


Ill (ClO,~),{(p-Me,N-C,H,) CPh-OMe . ~78% H,SO, 
IV (p-NO,C,H,),C-OH 95% H,SO, 


The indicators (I) and (II) are related to Crystal-violet and (II1) is related to Malachite 
green. The perchlorates are colourless crystalline compounds, dissolving in concentrated 
sulphuric acid to give orange-yellow solutions, similar to those formed by the trinitro-indicator 
(TV) in the same solvent 

Experimental methods of measurement, and detailed numerical results, for the indicators 
of Table I are given in the following paper, by Murray and Williams 

Fig. 1 of the present paper shows the plot of log ({R*)/[ROH)) against medium composition 
for the four indicators. Only values of log ({R*)/[ROH)) below +-0°7 are plotted, because of 
the significant experimental errors at higher degrees of ionisation. The plot for each indicatof 
is approximately a straight line; and, as expected, the results (crossed circles) for the carbino! 
(II) coincide with those for the methyl ether (I). In 80-85% sulphuric acid, the indicators 
(1) and (IV) both show accurately measurable ionisation; and within this range the lines of 
variation of log ([R*}]/(ROH)) for the two indicators are nearly parallel, thus justifying equation 
(5). This is noteworthy because indicator (I) carries three integral positive charges in addition 
to (but remote from) the centre of varying ionisation in sulphuric acid, whereas indicator (IV) 
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becomes charged only at the tertiary carbon atom. The slight curvature at the low ionisation 
end for (1) has little significance. A trace of coloured impurity would produce a similar effect 

The results of Westheimer and Kharasch for indicator (IV) are also shown in the diagram 
(erosses).* The agreement between these and our own measurements is reasonable in view of 
the different methods of measurement employed 

The line of indicator (111) is also nearly parallel to those for (I) and (IV). Since the ionisation 
ranges of (III) and (I) do not overlap, this parallelism signifies only that an acidity function 
goveruing the ionisation of carbinol indicators varies almost linearly with medium composition 

The Nitronium Ion as Nitrating Agent.—Since equation (5) is justified for indicators (1) 
and (IV), it is reasonable to expect equation (6) to be valid 
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If the rate of nitration of a compound ArH is given by 


+ = ATNO,*)[ArH 
kf NO,OH)(ArH)(NO,*) /[NO,OH 
then 
¢ ~ AHNO,)ArH)(NO,*) [NO,OH b) 
if the extent of ionisation of nitric acid is small and if [HNO,) denotes the stoicheiometric 
concentration of total nitric acid 
Experimentally (Part V1), 


in which 4, varies with medium composition 
From (8) and (9 
log A, log + log ((NO,* NOyOH (lw 
From (10) and (6) 
log 4, log A + log ( R*)) ROH + dD (il) 


in which D is independent of medium composition 
Provided that 4 is constant over the medium range examined, the variation of log 4, with 
medium composition should run parallel with that of log ((R*)/(/ ROH The velocity coefficient 


© We are indebDted to Dr. Westheimer and Professor Kharasch for making available to us figures 
which were not given explicitly in them paper 
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& may be subject to primary kinetic salt effects, but the variation of log 4 with medium com- 
position should not distort the expected parallelism drastically over the range in question. 

In Pig. 1, line A represents log 4, for the nitration of the p-C,H,Me-NMe,* ion in 75-82% 
sulphuric acid at 25° (Part VI). The observed parallelism indicates, most probably, that 
equation (7) is valid, and that the nitronium ion is formed in this medium range in sufficient 
amount to act as the nitrating agent, even though it is not in sufficient amount to be detected 
by its Raman spectrum. The lines A,, A,, and A, refer to nitration at 45°, 35°, and 17:5", 
respectively 

The lines B, C, and D of Fig. | refer, respectively, to log &, for the nitrations of nitrobenzene, 
the NMe,Ph* ion, and -chloronitrobenzene in 82—89% sulphuric acid (unpublished experi- 
ments by Dr. T. G. Bonner, Mrs. M. E. James, and Miss F. Bowyer; cf. Nature, 1949, 163, 955). 
The nitronium ion is detectable by its Raman spectrum in these media. Approximate parallelism 
between log 4, and log ([R*)}/(ROH)) is therefore to be expected (provided that nitric acid is 
not too extensively ionised), and has been observed previously, for the nitration of nitrobenzene, 
by Westheimer and Kharasch. 

Values of Hammett’s acidity function H,, are also shown in Fig. 1. It is quite evident that 
there is no parallelism between log 4, and H,, so that ionisation of nitric acid to the H,NO,* ion 
by equation (1) is not a vital factor in nitration, Fro. 2 
even in 75—85% sulphuric acid media wy 

The Acidity Function for Carbinol I ndicators.—- Sulphuric acid, %. 
Without specifying the form of AK, or H, explicitly, 764 4 853 S53 885 
equation (12) may be written, to define the acidity i 
function H, which shall measure the capacity of 
the medium to ionise a triarylcarbinol indicator : 





Hy =~ pK, ~ log ([R*)/[ROH)) . (12) 


An analogous equation is satisfied by H,, which 
measures the capacity of the medium to give a 
proton to a neutral base (Hammett ef al., loc. cit.) 

So long as nitric acid ionises in the same way 
as a triaryicarbinol, (13) can be written for (12) : 


Ha = pK s0,0n — log ((NO,*)/(NO,OH)) . (13) 


From (13) and (10), 


log A, log & 4 PX x0, ou ~ Hy (14) 











in which Kyo,.o_ is a thermodynamic equilibrium 
constant for the ionisation of nitric acid, ¢eg., by " b. “2 a 

equation (2). Being defined in terms of activities, Hq (reiative) 

PA yo, on 15 invariant with medium. Provided that ; vs Me ry ~ ay tars 

k does not vary over the medium range examined, oat aoe 

log 4, should therefore be linear with H,, and the line connecting the two should have wumnit 
gradient 

Without knowing pX, for some carbinol indicator ROH, H, cannot be determined in 
absolute terms. Nevertheless, values of H,, relative to an arbitrary zero, may be computed 
for the range 65—90°%, sulphuric acid from the results given in the following paper 

The plot of log A, for nitration against relative values of H, is shown in Fig. 2. The values 
for nitration in 75-82% sulphuric acid are linear with H,, and the line has gradient 1°20. 
When produced into the more concentrated sulphuric acid region, the line is found to arcom- 
modate, approximately, the points for the nitration of the three compounds nitrated in §2-— 
89°, sulphuric acid, if the velocity coefficients for each compound are multiplied by an appro- 
priate constant factor. Values for the nitration of the NMe,Ph* ion are shown in Fig. 2 (black 
circles Progressive departure from the linear relation in the more acid media is to be expected, 
on theoretical grounds. 

There is uncertainty about the molecular composition of sulphuric acid-water mixtures 
containing 65-85%, sulphuric acid. Raman spectroscopic results of Woodward and Horner 
(Proc. Roy. Soc., 1994, A, 144, 129) give HSO,~ ions as absent and strong in 100% and 90% 
sulphuric acid respectively. In 75% su! vhuric acid H,SO, molecules are only just detectabl; 
and the characteristic bands of water begin to show. SO,~~ ions just make their appearance 
in 75°, sulphuric acid and increase gradually in concentration with further dilution. 
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However, other Kaman results of Rao (Jndian |]. Physics, 1940, 14, 143) as re-interpreted 
by Young and Grinstead (Ann. New York Acad. Sci., 1949, 61, 765; cf. Redlich, Chem. Reviews, 
1946, 30, 333) suggest that molecular H,SO, persists detectably in 25% sulphuric acid and 
indicate relatively smal! conversions of water into oxonium and bisulphate ions even in quite 
concentrated sulphuric acid. Thus, in 91% and in 83% sulphuric acid respectively, H,SO, 
would be 7°6%, and 180%, ionised. (Complete ionisation of water would correspond to 53°, 
and 100% ionisation of salphuric acid in these media } 

Against this interpretation and in favour of a more complete conversion of water into 
oxonium and bisulphate ions are the facts that (4) the vapour pressure of water falls to small 
values for media containing more than 85°, sulphuric acid (Greenewalt, Ind. Eng. Chem., 
1925, 17, 522: Vandoni, Mém. Services chim. de I'Ftat, 1944, 31, 87), and (5), as pointed out 
by Brand (/., 1960, 097), the acidity function for 90-—99°8%, sulphuric acid can be accurately 
calculated on the supposition that ionisation of the water is complete. Although (as recognised 
by Brand) this result probably arises from a compensation between minor factors, it suggests 
that the greater part of the water is ionised in this medium range 

The Influence of the Methyl Group on Nitration Rate.—From the lines A and C of Fig. 1, 
the ratio of the nitration velocity coefficients for p-C,H,Me-NMe,* and NMe,Ph* is found to 
be 870 for 82°, sulphuric acid medium Brand (/., 1950, 1004) has found the analogous ratio 
for these two compounds in sulphonation to be 360 

The Relative Effects of NO, and NMe,* Substituents on Nitration Rate and Degree of Lomis 
ation.-The ratio 4,(PhNO,)/4,(NMe,Ph*) for nitration in 97-87% sulphuric acid at 25° is 
about 1:8 (Nature, loc. cit.), and the corresponding ratio in sulphonation is 13 at 20 In these 
compounds, the substituents influence attack at a mefa-position (though only to the extent of 
80%, in sulphonation; cf. Brand, loc. cit (mn the other hand, when the same two substituents 
modify the activating influence of a p-methy! group (directing substitution into a position 
ortho to itself), the ratio of speeds in sulphonation is reversed, and 4(p-C,H,Me-NO,) /A(p 
C,H Me-'NMe,*) is 08. There is evidence (Brand, private communication) that a sumilar 
reversal holds for nitration. A contributing factor may be that hyperconjugation from the 
methyl group to a p-nitro-group makes the latter more efficient than the p-NMe,* group in 
restraining the activating effect of the methy! group in electrophilic substitution 

rhe effects of these groups on the ionisation of triarylcarbinol indicators are in the same 
order as their effects on substitution when a p-methyl group is also present in the molecule 

Comparison (Fig. 1) of the results for the ionisation of indicators I and IV (Table 1) shows 
that the p-nitro-group more effectively restrains ionisation at the tertiary carbon atom than 
does p-NMe, 


We thank the Chief Scientist, Ministry of Supply, for permission to publish this paper 


Rovyat Hottoway Cottece (University or Lowpown 
ENGLEPIELD GekEEN, SURREY Recewed, July 24th, 1950 


648. The lonisation of Triarylearbinol Indicators in Sulphuric 
Acid—Water Mixtures. 


By M. A. Murray and Gwyn Wiitiams 


The extent of ionisation of triarylcarbinol indicators in 90-65% sulphuric acid has been 
measured with a photoelectric absorptiometer, by using indicators carrying fully ionised 
trimethylammoniam groups as nuclear substituents. Westheimer and Kharasch's measure- 
ments on the tonmimation of trinitrotriphenylicarhinol in 05-80% sulphari acid have been 


confirmed 


Tue ionisation of triaryimethy!l halides and of the corresponding carbinols (¢.g., under the 
influence of Friedel-Crafts catalysts and of strong acids, respectively) is well established 
compare, for example, Hantzsch, Ber, 1921,54, 2573; Hammett,‘ Physical Organic Chemistry,” 
New York, 1940, p. 53 Cryoseopic evidence (Hantzsch, Z. physikal. Chem., 1907, 61, 257; 
Hammett and Deyrup, /. Amer. Chem. Soc., 1933, 55, 1900; Treffers and Hammett, idid., 
1937, 68, 1708) shows that in nearly anhydrous sulphuric acid, the ionisation of a triaryicarbinol 
has the form 


AnC-OH + 2H,SO, = Ar,C* + OH,* + 2HSO, (1) 








(1950) Indicators in Sulphuric Acid—Water Mixtures. 3323 


The carbino! and the carbonium ion are characterised by differences in absorption spectra ; 
and the variation of the extent of ionisation in sulphuric acid—water mixtures, as a function 
of medium composition, has been measured colorimetrically by Westheimer and Kharasch 
(J. Amer. Chem. Soc., 1946, 68, 1871) for a single example, trinitrotriphenyicarbinol, in 80-05%, 
sulphuric acid. At the aqueous end of the range, this indicator ionises only very slightly. To 
determine the behaviour in still more aqueous media more strongly basic triarylcarbinol 
indicators are needed. The required basic strength, coupled with adequate solubility in the 
relevant media, may be secured by using triarylcarbinols carrying ionised trimethylammonium 
substituents in the aromatic nuclei. The indicators employed are formulated in Tabie I of 
the preceding paper 

Taste I 


Medium, lonis- R Medium - = 
H,SO, ation, Us H,SO . . 
%. : 10*S %. log ROH) %. ; 10*S fe log Ron): 
(III) © 4: 4'-Bas(trumethylammonsum)triphenyicarbinyl methyl ether diperchiorate. 
65.04 0-280 —2- | %3-0: 241 0 +0634 
65-25 0-336 1-2 +0634 
66-16 0-530 =m Sis + 0-659 
67-16 0-919 | 
67-39 lis | 
67-63 1-07 - | 
217 
241 | 
2-70 | 
554 | 
5-68 . . | 
607 | 
134 
13-7 
“. Tras(trimethylammonium)triphenylcarbinyl methyl ether iniperchlovate 


—2006 | 83-20 873 
‘—2401 | 


2-269 — 
2-122 | 85-30 


2027 
~1-315 
~1-251 
~~? 
—0-783 
~ 0-767 
—0-746 


*-Tris(trimethylammonium)triphenylcarbinol triperchi wate 
1-570 83-93 131 § O-0sD 
—1-375 - 134 —0-062 
—0-037 | 8502 20-2 + 0-367 
~ 0-842 03 +0-375 
0-835 20-3 . +0-374 
0-071 92-38 
”.Trimstrotriphenylcarbinol 
0-0798 O24 2-625 05 0-821 
| 0-803 
| 0 290 
| 0-278 
| 0-280 
+O 644 
4+O-524 
- . +0573 
i 


* These numerals refer to formula numbers of the preceding paper. 


The absorption spectrum of the unsubstituted triphenylicarbinyl cation has been fully 
examined in sulphuric acid and other solvents, and shows a double peak in the violet, with 
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maxima at 4320 and 4050 a. (Anderson, sid, 1930, 52, 4567; Fairbrother, J]., 1949, 1058) 
Kehrmann and Sandoz (Ber., 1918, 61, 918) find the ultra-violet absorption of all the p-amino- 
triphenylcarbinols in strong sulphuric acid (when all the substituents become NH,*) to be 
very similar, and it is therefore to be expected that the visible absorption maximum for the 
trimethylammonium salts will be at 4000—4300 a 

In the present work, the intensity of colour of the indicator solutions in a range of sulphuric 
acid-water mixtures has been measured with monochromatic mercury light (4358 a.) by means 
of a “ Spekker” photoelectric absorptiometer. The “ Spekker’’ readings were converted 
into concentrations of triaryicarbinyl cation by means of a calibration curve obtained in an 
acid just sufficiently strong to ionise the indicator completely. The fully methylated quaternary 
salts derived from Malachite-green and Crystal-violet are colourless and water-soluble, and 
differ from other quaternary salts only in their further ionisation to coloured ions in strong 
aciis 

The question of the anion to be introduced with the indicators for acidity measurements 
is not very important since the concentrations involved are never more than about 10-* molar 
icf. Table II However, the iodides cannot be used, since iodine is liberated from them by 
concentrated sulphuric acid; nor can the picrates be used on account of their colour. The 
perchlorates appeared to be the most suitable. They are readily isolated and purified, since 
their solubility in water in the presence of excess of perchlorate ion is low; also the perchlorate 
ion is the one likely to be least affected by strong sulphuric acid. Several perchlorates of this 
type were prepared by Brand and Modersohn (J. pr. Chem., 1928, ii), 118, 97) who used methyl 
sulphate as methylating agent and then converted the methy! sulphates (often non-crystalline) 
into perchlorates. They isolated colourless perchlorates both of the carbiny! methyl esters 
snd of the carbinols; but since, with very small concentrations of indicator in sulphuric acid- 
water media, equilibrium will be rapidly established in favour of the carbinol, there is no 
objection to using the methyl ethers as indicators, and thus avoiding a further step in their 
preparation The extent of ionisation of the carbinol does, in fact, coincide with that of its 
methyl ether (sce Table I of this paper and Fig. | of the preceding paper) 

Results for the indicators are shown in Table I, in which S is the “ Spekker " reading, and 

is the total concentration of indicator in moles/l. In this Table, the carbinol Ar,C-OH of 

equation (1) is written ROH, and the carbonium ion is written R* 

Form of lomsation The representation of the ionisation of triarylcarbinol indicators by 
equation (1) is experimentally established only for nearly anhydrous sulphuric acid media. 
The equilibrium constant of (1) may be related to a constant given by equation (2 


-) 


K = ay @n,o/@nom 4n* (2 
The constant K of (2) may be connected with the acidity function H, There is evidence for 
the validity of this equation (Dr. V. Gold, private communication) Its application to the 
results of Table | will be discussed in a later paper 
The argument of the preceding paper, connecting the extent of ionisation of carbinol 
indicators with rates of nitration, is, of course, independent of the form of ionisation, provided 
that nitric acid, NO,-OH, sonises similarly to the carbinols, ROH 


EXPERIMENTAL, 


Preparation of Carbinol Indicator 4:4. 4°. Trinitrotriphenylcartinol, prepared from triphenyl- 
methane by nitration and subsequent oxidation (Fischer, Ber, 1904, 37, 3357; Hantzsch, sdid., 1919, 
62, 405), was recrystallised repeatedly from glacial acetic acid or benzene It furnished small, well- 
formed rhombs from either solvent, m. p. 190-191 The crystals always had a very faint yellow 
tinge, a8 noticed by Westhemmer and Kharasch 


For the preparation of the indicators with NMe,* substituents, modifications of the method of Brand 
and Modersohn (loc. ef.) were adopted, after preliminary experiments, as preferable to methylation 
of the leuco-bases, followed by oxidation (cf., however, Tadros and Latif, /., 1949, 337 


4: 4). Bus(trimethylammonium)iriphenyicarbiny! salts. Malachite-green (commercial sample) was 
converted .ato the methyl ether by dissolving the dve salt (5 g.) in methyl alcohol (530 c.c.) in which 
excess of xxliom (2 g.) had been dissolved, and refluxing the mixture till all the colour was discharged 
(30 minutes The solid which separated was filtered off and washed thoroughly with water, then 
recrystallised from methyl alcohol containing a pellet of sodium hydroxide, and had m. p. 147—- 148°. 


The methy! ether dimethiodide, (*NMe,-C,H,),CPh-OMe}I,~, was prepared by treating the methyl 
ether (0-06 g.) at room temperature with a mixture of methy! wdide (5 c.c.) and methyl alcohol (5 c.c.) 
and a pellet of sodium hydroxide. After 24 hours, the crystals which had separated were filtered off, 
washed with a littl mixed methyl! iccdide-methy! alcohol, and recrystallised from methyl alcohol, 
forming colourless platelets (10 g The compound started to darken when heated to about 160° 
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and melted with decomposition at 190°. When “bench” concentrated sulphuric acid was added, 
some rodine was liberat 


The diperchiorate, (°NMay Cally CPh-OMe}(CI0,-)y was me pope’, Wy dissolving the methiodide 
in the munimum volume of hot water and a concentrated solution of sodium perchlorate. The 
indicator perchlorate separated ummediately, was washed with dilute sodium guachiesete and then 
with a very little water, since it is rather soluble in pure water. It could be recrystallised from a small 
volume of methyl alcohol, forming feathery platelets, m. p. 276° (decomp.). In concentrated sulphurk 
acid it gave a golden-yellow solution. 


4:4) 4°. Tris(tromethylammoniom)ini myl salts. alocbal (20 e (B.D... stain quality) 
(4 g.) was refluxed with a solution of m (2 g.) im methyl al prok toy gh, V 
The solution was cocked and, d off, hed with 
otter Seu canal Vlaams at eonaaeh con tae m gave pale 
. 157-158" (2-6 g.). This material was treated with methyl iodide (10 o.c.) and 
methyl alcohol (5 ¢.c.) containing a pellet of sodium hydroxide. The solution, which was violet at 
first but gradually decolorised, slowly deposited the quaternary tri-iodide in short, stout needles, which 
were filtered off after 2 days at room temperature, and washed with methy! alcohol-iodide (yield 
5-1 g., 95%). The compound, which was faintly violet, was recrystallised several times from methy! 
alcohol (10 ¢.c.), forming colourless prisms, m. p. 195° after gradual decomp. from 150°. The purified 
material (3-3 g.) was dissolved in water (10 c.c.) and treated with excess of a saturated solution of sodium 
perchlorate. The thick precipitate was filtered off, dried, and extracted twice with hot methy! alcohol 
(5 c.c.) (in which it is sparingly soluble) to remove coloured impurities. The yield was 2-7 g. (90%). 
Two recrystallisations from water (10 c.c.) gave long, colourless needles of the triperchiorste, 
(*NMe, C,H.) ,C-OMe}(C1O,~),, m.p. 303° (decomp.). 

The corresponding carbinol, (*NMe,C,H,),C-OH}(C1O,~),, was prepared by heating the methyl! 
ether (1-9 g.) with a 1. 1 mixture of concentrated hydrochloric acid and water (6 c.c.) for 10 minutes 
The orange solution was just decolorised with sodium hydroxide, and a saturated solution of sodium 
perchlorate (2 g.) was added The product (1-3 g.) crystallised from the cooled solution, and was 
recrystallised from water (5 c.c.), then from equal volumes of water and methy! alcohol; it had m. p 
296° (decomp.) 


Standardisation of Sulphuric Acid Media —Sulphuric acid- water mixtures were made up from pure 
concentrated sulphunc acid and were standardised — w-hydrochioric acid, kept as a su lary 
standard, through titration with approx. »-sodium hydroxide, using screened methyl-< The 
hydrochioric acid was standardised against mum iodate solution, two determiuations on 
different primary standards agreeing to 0-02%. The reproducibility of the medium composition was 
better than © 1% sulphuric acid; and re-s' ardisations of media which had been kept for some time 
agreed to within this figure 


Method of Measurement. —The intensity of absorption of the indicator solutions was measured with 
he vekker photoelectric absorptiometer, by using a mercury lamp and appropriate filters to isolate 
the 4 a.line. Three paralle! determinations were made with the same medium and slightly different 
quantities of a stock indicator solution. Four successive readings were taken on each solution, and the 
cells were then emptied and refilled with fresh solution twice, three or four further readings being taken 
on each sample, so that the final figures were the mean of 10-12 readings. The liquid used in the 
comparison cell was the same medium as that used in making up the indicator solutions, although 
the sulphuric acid media only occasionally showed slight absorption. 

The uniformity of the (normally 1 cm.) " Spekker "’ cells was checked occasionally, by carrying out 
a series of measurements with the same arbitrary solution of potassium dichromate in all the cells, and 


only those which gave results closest to the mean value were used regularly, but the deviations were 
almost always well within the experimental error 





No difficulty was caused through absorption of atmospheric moisture by even the most concen- 
trated acid media. The temperature of observation was about 20°. The readings showed no variations 
owing to lack of close temperature control, even though the temperature of the solutions in the cells 
might rise by 1—-2° during measurement 


Caleulation..-One example is given, for indicator (1). For the completely ionised indicator, 
S/e S/UR* (3-01 + 0-03) x 10* (mean of 14 values in 94-6%, sulphuric acid, corrected for cali 
bration The un-ionised molecule is assumed to be colourless. For observations in other media, a 
known weight (03-—2-4 g.) of a stock solution of indicator (0-0718 g. in 20-61 g. of 08-95%, sulphuric 
acid) was made up toa known volume (about #c.c.) in the medium concerned and mixed very thoroughly. 
(Erratic results were most often traced to incomplete mixing of the solutions.) The acid added in the 
stock indicator solution was allowed for in the final calculation of medium composition. The observed 
mean value of S’ (the “ Spekker '’ reading) for the solution is corrected for non-linear calibration (see 
below), giving the new value S. (The correction is almost negligible for 5S’ ~« 02-06.) Then (K*) « 
10*S/3-01. The quantity S/c is the specific colour intensity for the medium as a whole (as ny mene 
to that for the cation), and should be a constant for a given medium, being proportional to the degree 
of ionisation of the indicator, Some specimen results are shown in Tabie I1. 


Medium E ffect.—With simple basic indicators, ionising by proton uptake, a ‘ medium effect " has 
sometimes been observ-d (Flexser, Hammett, and Dingwall, /. Amer. Chem. Soc., 1935, 67, 2103), 
because the wave-length of the absorption band of the coloured form of the indicator shifts with changing 
medium ; this causes an a: it change of specific absorption with medium, if a fixed 

— ea. For the wa employed, the medium effect is negligible for 


ve-length 
able I shows that S/c is reasonably constant over a range of medium 
compositions in which ionisation is complete. 














Greaves, Linstead, Shephard, Thomas, and Weedon : 


Taste Ul 

ladicator, R*), (ROH, 
S” (mean S lv mw. lo* wu 

o4als o0o2 oais 130 oM 

447 + 0-04 O-445 149 0-59 

O53 + 0-01 OSM 1-77 0-68 

287 002 O 285 Oo 231 

0 + O01 Own 1-33 3-21 

0-451 + 0-02 0-482 1-605 372 


Cahbration.Since the “ Spekker ’’ readings (5°) are not necessarily directly proportional to the 
concentration of the absorbing material, calibration is effected by measuring values of S’ for a series 
of different indicator concentrations (¢) in a medium in which ionisation is complete. 5S’ /c is plotted 
against 5S’. For indicator (1) the smoothed curve passes through the following points 


s’ o2 O35 oe Os 06 0-7 
i7*S' \¢ 302 302 301 2-09 2-08 2-06 2-93 2-87 
This curve was used to correct the  Spekker “ readings for indicator (1) in all media 
instead of correcting the observed values to correspond to an extrapolated value at S 0, the 
value at 5° « 04 is taken as standard, since this is the region in which measurements are most accurate 
The true value S/¢ for this medium is therefore taken as 341 * 10*; and the corrections necessary 
to convert the other smoothed values of 5S’ /¢ to this figure can be calculated. From S’ = 0-2 to S’ « 0-6 
they are lessthan 1%. After correction, all values of 10°*S"/c used to construct the calibration curve 
lie between 2-98 and 3-04, with a mean of 31 
The calibration curve for indicator (II[) was very similar to that for (I For trinitrotripheny! 
carbinol (1V) the calibration curve for 99-0%, sulphuric acid passed through the points 


: 03 o4 0-5 06 0-7 os 09 
bres” i 33 326 3-31 335 336 336 3.36 3.36 


The standard value for this mediam was taken to be Sc = 3-36 x 10° 


Stability of Imdscators Anomalous light absorption caused by chemical instability of the stock 
indicator solutions is negligible for indicators (1) and (I1]) over one day [there was a 7%, error in Sic 
after the stock solution of (1) had been kept for 7 days at 25 Indicator (IV) is less stable, as was 
found by Westheimer and Kharasch; but stock solutions in 99%, sulphuric acid are stable for 8 hours, 
if kept at 0 For all indicators stability is greater in 99% than in 91%, sulphuric acid The diluted 
solutions used for the measurements always appeared to be quite stable over the period of observation 
For measurements at small ionisation of (1V), the “ Spekker " readings were taken on solutions prepared 
directly, without an intervening stock solution 


We thank the Ministry of Supply for their support of the work described in this and the two pre 
ceding papers and the Chief Scientist for permission to publish the results. We are also glad to acknow 
ledge a grant from the Central Research Fund of the University of London for the purchase of the 
photoelectnc absorptiometer 
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649. Anodic Syntheses.* Part I. New Syntheses of Stearic, 
Myristic, and Other Acids. 


By W. S. Greaves, R. P. Linsteap, B. R. Suernarp, S. L. S. Tuomas, 
and B.C. L. Werpowx 


Mixtures of hail esters of adipic, sebacic, and hexadecane-1 . 16-dicarboxylic acids with 
arious monocarboxylic acids have been electrolysed Both symmetrical and unsymmetrical 
coupling oecarred, giving mixtures of a hydrocarbon, a diester, and a monoester The 
formation of the last, by unsymmetrical coupling of the two components, constitutes a very 
nvenmeont synthesis of fatty acids 

Steartc acid, for example, has been synthesised from three different pairs of components 


Hitnexto, applications of the well-known Kolbe electrolytic synthesis ¢ have been largely 
restricted to the electrolysis of the sodium salts of either saturated carboxylic acids or half 
Thus work was begun at Teddington im 19047-—1048 by Dr. Thomas and Mr. Greaves and continued 
at the Imperial College by Dr. Weedon and Mr. Shephard R. P. %. 

* The formation of carbon dioxide and a hydrocarbon (R-R) on electrolysis of an alkali- 
metal carboxylate (R-CO.M) was first observed by Kolbe (4deanalen, 1549, 69, 257), after whom the 
reaction is named. In this series, the term ‘' Kolbe synthesis " will be used generally to include all other 
related anodic coupling reactions: for example, that sometimes referred to as the Crum Brown and 
Walker synthesis, which involves the electrolvsis of a half ester of a dicarboxylic acid (tj:d., 1891, 98] 
107 Trans. Rev. See. Edin, 1801, 36. 291 
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esters of aw-dicarboxylic acids. These reactions provide convenient synthetic routes to many 
hydrocarbons and diesters which are otherwise rather inaccessible in a pure state (see Swann, 
“ Technique of Organic Chemistry,” New York, 1948, Vol. II, p. 195; Trans. Amer. 
Electrochem. Soc., 1936, 69, 289, 339; 1940, 77, 460; 1945, BB, 104) 


2RCO,- —— > RR + 200, + 2% 
2MeO,C(CH,),°CO,- ——> MeO,C-(CH,),,.COMe + 200, + 2 


The electrolyses are usually carried out in either aqueous or anhydrous methanolic solutions 
Different mechanisms probably operate in the two media (Glasstone and Hickling, idid., 1939, 
75, 333). In aqueous solutions, optimum yields are obtained by the use of a smooth platinum 
anode, a high anode current density, an acid medium maintained at low temperature, and a high 
concentration of sodium salt (idem, loc. ot.; J., 1934, 1878; Hickling and Westwood, J., 1938, 
1039). When these conditions are fulfilled, side reactions, leading in particular to the formation 
of alcohols (Hofer and Moest, Annalen, 1902, 323, 284) and olefins, are reduced to a minimum 
Although electrolyses in methanol have received no systematic study (cf. Glasstone and Hickling, 
Trans. Amer. Electrochem. Soc., 1939, 76, 333), the conditions for optimum yields appear to be 
less critical than in aqueous media. 

The yields of coupled products obtained in the Kolbe reaction depend to a large extent on 
the structure of the carboxylic acid employed as well as on the experimental conditions 
Although good yields are generally obtained from straight-chain saturated aliphatic acids and 
half esters, only small, or even negligible, yields of coupled products have been reported 
from a-substituted carboxylic acids (see, ¢g., Farmer and Kracovski, /., 1926, 2318; Swann, 
Trans. Amer. Electrochem. Soc., 1929, 56, 457; Fichter ef al., Helv. Chim. Acta, 1932, 15, 608; 
1934, 17, 1218; 1938, 21, 141; Trans. Amer. Electrochem. Soc., 1939, 75, 319; Murray and 
Taylor, J., 1937, 1450), 28- and Sy-unsaturated acids (Fichter and Holbro, Helv. Chim. Acta, 
1937, 20, 333), and benzoic acid (Fichter and Stenzl, sid., 1939, 22, 970) 

The electrolysis of a mixture of two carboxylic acids (R-CO,H and R°CO,H) would be 
expected to give rise to products (R-R, R°R’, and R’* Ke’) by both symmetrical and unsymmetrical 
(" crossed "’) coupling. Although this extension of the Kolbe reaction has numerous 
potentialities for the synthesis of unsymmetrical molecules, only a few isolated examples of its 
use have so far been recorded (see, for example, Miller and Hofer, Ber, 1895, 28, 2427, Hofer, 
Ber, 1900, 33, 650; Carmichael, J., 1922, 121, 2545; Ruzicka ef al,, Helv. Chim. Acta, 1932, 
15, 1459; Kitaura, Bull. Inst. Phys. Chem. Res. Japan, 1937, 16, 765; Chem. Absir., 1938, 82, 
4523; Offe, Z. Naturforsch., 1947,°26, 182; Gunstbée and Stenhagen, Svensk Kem Tidshkr., 
1942, 54, 243; Hunsdiecker, Ber., 1942, 75, 447, 460, 1197). Preparatory to the application 
of this modified Kolbe reaction to the synthesis of branched-chain fatty acids, potentially of 
biological interest, the scope of the method has been examined by electrolysing mixtures of a 
saturated carboxylic acid and a half-ester of an aw-dicarboxylic acid. The results of these 
investigations are described in the present communication 

The methyl hydrogen esters of adipic, sebacic, and hexadecane-| ; 16-dicarboxylic acids 
(1; » = 4, 8, and 16) were selected for study, and each was electrolysed in the presence of 
various fatty acids (see Table). In all cases the expected mixture of three products (hydro- 
carbon, mono- and di-carboxylates) was obtained, and in general the separation of the required 
unsymmetrical product (II) presented no difficulty. Crossed coupling was found to occur in 
both aqueous and anhydrous methanolic media. In the latter, however, not only were rather 
higher yields obtained, but side reactions leading to the formation of unsaturated materials 
were much less in evidence. Only in those experiments employing acetic acid as the 
monocarboxylic acid component were the products of mixed coupling, isolated by distillation, 
liable to be contaminated with small amounts of an unsaturated ester, presumably (III), 
derived from the half-ester (1). As was to be expected, an increase in the molar proportion of 
the monocarboxylic acid component effected a marked improvement in the conversion of the 
half-ester into the required unsymmetrical product. 


R-CO,H + HO,C’CH,),-COMe > RR + RCH, .COMe + MeO,C’ CH, ,.°COMe 
(l (IL) 
CH,CH+CH,),. CO Me 
(IIL) 
A wide difference between the sizes of the coupling units can be tolerated. For example, 


stearic acid has been made by coupling a C, to a C,, residue, a C, toa C,, anda C,, toa, 
(see Table) 
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Yield, %t 
Molar in absolute § in aqueous 
Hall-ester Acid ratio.* Prodact MeOH MeOH 
HOC (CH, -COMe H,COWH CH, CH, ,CO,H ” 29 
H,(CH,),CO,H CH, CH, ¢CO,H 31 
oo w 


HyiCH) CO, 


CH,(CH,) CO, 6 


‘a HCH) COM 
ia Hy CH, ,y°CO,H 


HO,’ CH, »COMe H,CO,H 


CH, CH,),yCO,H 
CHy CH, ,.CO,H 


CH,(CH,) CO, 


ae soe ee ee) 


H, (CH, ,CO,H 
H, CH, ,CO,H 


CHy(CH,),,CO,H “4 
CHy CH, ,¢CO,H 1s 


Veew~ ote 


HO,C(CH, ,¢COMe CHyCOW 4 CH, (CH, ,¢CO,H 25 
* This column gives the molar ratio of reagents, the hall-ester being given first. 
* Calculated on the hall-ester present 


In addition to its simplicity, this method for the synthesis of fatty acids has the advantage 
that, by suitable choice of starting materials, a product is obtained which is uncontaminated by 
substances of the same, or very similar, molecular weight In consequence, acids may readily 
be prepared and isolated in a state of high purity. By a suitable modification in apparatus, 
comparatively large runs can be handled on the laboratory scale involving batches of a total 
of 200300 g. of reagents. The fatty acids actually synthesised during the present investigation 
were hexanoic, octanoic, decanoic, myristic, and stearic. 


EXPERIMENTAL. 
(Yields are calculated on the total amount of half-ester introduced 


I ntermedsates.— Butyric and hexancic acids were obtained by catalytic hydrogenation of crystalline 
crotome and serbic acids, respectively. Methy! hydrogen adipate and methy! hydrogen sebacate were 
prepared by half esterification of the corresponding dicarboxylic acids (cf. Fichter and Lurie, Hele. 
Chum. Acta, 1933, 16, 887; Swann, Ochiler, and Buswell, Org. Synté., Coll. Vol. Il, p. 276; Hunsdiecker 
and Hunadiecker, Ber., 1942, 76, 207), and methyl hydrogen hexadecane-1 . 16-dicarboxylate by half 
hydrolysis of the diester (cf. tdem, sbed.) 


Electrolyses.—The electrolyses were in general performed by one of the following methods 


Method A (aqueous methanol A miature of the half-ester and monocarboxylic acid was dissolved 

in 40°, aqueous methanol to which sufficient sodium had been added to neutralise about one-twelfth of 

lacids used. The solution was placed in a cell consisting of a boiling tube (2 diameter) fitted 

with a platinum spiral anode (from 20 cm. of 24 5.w.g. wire; surface area 3-51 sq. cm.) and a platinum 

plate cathode (total surface area 48q.cm.}. Sufficient light petroleum (b. p. 60-80") was added to the 

cell to form a layer above the aqueous methanol, in order to dissolve the products which otherwise 

separated on the electrodes. The cell was cooled by immersion in an ice-bath (internal temperature of 

cell about 30 and a current of 2 amps. was passed until the electrolyte became slightly alkaline This 

usually required ca, 15— 20%, longer than the time calculated on the basis of the current and the amounts 
of acids emploved 


The products were isolated by dilution of the cell contents with water and extraction with light 
petroleum The extract was washed with sodium hydroxide solution (2%) to remove small amounts of 
starting materials, dried, and evaporated The resedue was hydrolysed by heating it with aqueous 


methanolic alkali (10%), and the neutral and acidic fractions were separated in the usual manner 


Method 1 (absolute methanol The half-ester, or a mixture of the half-ester and monocarboxylic 
acil, was clectrolysed in methanol to which sufficient sodium had been added to neutralise 2% of the 
total acids used The temperature of the electrolyte was maintained at 40-.50° by external cooling 
The electrodes consisted of two parallel plates (¢ x 25cm.) placed about 1—2 mm. apart. A current 
of 15-20 amps. was passed anti! the electrolyte became slightly alkaline, which usually took about 
to 40%, longer than the calculated time 

fter termination of the electrolysis, the methanolic solution was neutralised with glacial acetic acid 
and evaporated The reakiue was dissolved in ether, and the ethereal solution washed with sodium 
hydrogen carbonat: lution, dred, and evaporated The crude products thus obtained were either 
fractionally distilled or, alternatively, hydrolysed, and the neutral and acidi fractions separated in the 
usual Way 


Method B2 (absolute methanol This procedure differed from (B1) solely in the size and design of 
the apparatus This consisted of a tall, dat-bottomed viindrical, glass vesee! (14 © 3°) fitted with 


two parallel platinum plate electrodes (2.5 x 2 x 0-002"), placed about 2—3 mm. apart, and two spiral 
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cooling coils (10 x 1°) through which ice-water was passed. A current of 7-6 . was © 
and by surrounding the ceil with an ice-bath the internal temperature was main at about 40°. 


Electrolyses with Methyl ee Adipate. 

Hexenoee Acid.—(a) Electrolysis of the half-ester (9-6 g., 1 moi.) and os acid (21-6 g., 6 mols.) in 
50% aqueous methanol (36 c.c.) by method A gave crude exanore acid (3- -}, b. p. 97-100" 13 mm. ; 
iodine value, 56. The unsaturated material was destroyed by shaking the act with a slight excess of a 
Reutral aqueous potassium permanganate Distillation of the product gave hexanoic acid (2-0 g., 29%). 
b. p. 96°/13 mm., f. p. —5", =p 3-40%0 (Genes, Madden, and Kushbrooke, J 1926, 2499, give f. p 3-6"). 
The p- bromophenac y! ester crystallised from alcohol in plates, m 5° undepressed on admixture 
with an authentic specimen (Moses and Reid, J. Amer. Chom. Soe * bes. ww 2101. give m. p. 72-0"). 

(6) Electrolysis of methy! hydrogen adipate (40-0 g., 1 mol.) and acetic acid (90-0 ¢., 6 mols.) in 
methanol (200 c.c.) by method B2 gave: (i) Crude methy! henenente (18-0 g.), b. p. 42 45°) ‘0 mm., 
which was dissolved in carbon tetrachloride and treated with bromine until the latter was no loager 
rapiily absorbed. Evaporation of the solution and distillation of the residue gave methyl hexanoate 
(14-0 g.), b. p. 150°, which was hydrolysed, yielding hexanoic acid (11-5 g., 40%), b. p. 118°/28 mm., 
i. p. —5° to —6°, nf 14155. The p-bromophenacy! ester had m. p. 72-3", undepressed on admixture 
with an authentic specimen. (ii) Methyl sebacate, which was hydrolysed to sebacic acid (3-0 g., 10%). 

Octanoe Acid.—(a) Electrolysis of methy! hydrogen adipate (4-8 g., 1 mol.) and butyric acid (15-8 g 
6 mols.) in 50% aqueous methanol (36 c.c.) by method 4 gave octanoic ac (18 ¢.. aa. 
b. p. 123°/11 mm., m. p. 8° (Halde and Gentner, Ber., 1925, 58, ‘a 2, give m. p 16-3"). The »-bromo- 
phenacy! ester cry stallised from aqueous methanol in plates. m p 65.5° undepressed on admixture with 
an authentx specimen (Moses and Reid, Joc. cit., give m. p. 67-4 

(6) (With J. C. Lewr). The half-ester (68-0 g.. 1 moi.) ae butyric acid (740 g., 2 mols | were 
= —— in methanol (270 c.c.) by method B2. The products were : (i) Octanoic acad (24-7 g., 40%), 

+k. 137°/22 mm., f. p. 15-6—15-3°, wR? 21-4251. The #-bromophenacy! ester had m. p. 66° 
um patel on admixture with an authentic specimen. (ii) Sebacic acid (13-6 g., 32%) 

Electrolysis of equimolar quantities of the same reagents by method Bl gave octanoic acid in 31% 
yield 

Decanoie Acid. —(a) Electrolysis of methyl! hydrogen adipate (48 g., 1 mol.) and hexanoic acid 
(210 g., 6 mols.) in 50% aqueous methanol (36 c.c.) by method A ave (i) Decane (40 g.), b. p. 
57°/10 mm. (ii) Decanoic acid (2-5 g., 48%), . 147°/10 mm., f. P * (Garner and Randall, /., 1924, 
126, 887, give m. p. 31-2°) (Found: equiv., 170. Cale. for C,H,O,: equiv., 172). The p-bromo- 
phenacy! ester crystallised trom aqueous methanol in plates, m. p. oo undepressed on admixture with an 
authentic specimen (Moses and Reid, Joc. cit., give m. p. 67-0"). (iii) Sebacic acid (0-3 g., 10%). 


Similar clectrolyses of the half-ester and hexanoic acid with molar ratios of 1:2 and 1:1, gave 
decanoic acid in yields of 39 and 12%, respectively, and sebacic acid in yields of 25 and 1%, 
respectively 

(6) A solution of methyl hydrogen adipate (9-6 g., 1 mol.) and hexanoic acid (14-0 g., 2 mols.) in 
methanol (30 c.c.) was electrolysed by method 81 and gave: (i) Decane (1-8 g.), b. p. 30°/1 mm. 
(ti) Decanotc acid (5 g., 49%), b. p. 146°/10 mm., m. p. 30°, which was crystallised once from methanol, 
yielding the pure acid as pistes. m. p. 31 (Found equiv., 171. Calc. for C,H,O,: equiv.,172). The 
pP-bromophenacy! ester had m. p. 695° undepressed on admixture with an authentic specimen. 
(ili) Sebacie acid (1-6 g., 26%) 

Electrolysis of the half-ester and hexanoic acid in molar proportions 1. | and |: 6 gave decanoic acid 
in 36 and 558%, yields, respectively 

Tetradecanoie Acid.-—Electrolysis of methyl hydrogen adipate (6-4 ¢.. | mol.) and decanoic acid 
(13-8 g., 2 mols.) in methanol (30 c.c.) by method #1 gave: (i) Octadecane (2-7 ¢.), m P 27-5° (Heilbron 
and Caan, I 1928, 945, give m. p. 28-29"). (ii) Tetradecanoic acid (3-5 g., 38%), b. p. 184°/4 mm., 
m. p. 57-5" (Found : equiv., 227. Cale. for C,,H,,O : equiv., 228). One recrystallisation from methanol 
gave the pure acid in plates, m. p. 58-5° (Levene and West, ]. Biol, Chem., 1914, 18, 463, give m B: 
57-5584). The p-bromophenacy! ester crystallised from aqueous cathenet in plates, m. p. $1-0° 
(Moses and Reid, loc. cit., give m. p. 81-0"). (iii) Sebacic acid (0-75 g., 19% 

Octadecanoxe Acid.—Methy! hydrogen adipate (1-6 g., 1 mol.) and rte a acid (4-6 g., 2 mols.) 
were electrolysed in methanol by method B The crude product was hydrolysed and separated into 
neutral and acidic fractions. The former consisted of hexacosane (1-6 g.), m. p. 56° (Levene and West, 
J. Biol. Chem., 1915, 20, 529, give m. p. 50-60"). The acidic portion was converted into the lead salts, 
and the latter were extracted first with ether and then with hot chloroform. The insoluble residue 
was treated with 2n-nitric acid and gave sebacic acid (0-2 g., 20%). The chloroform extract was shaken 
with 2n-nitric acid, then with water, dried, and evaporated. Crystallisation of the residue from 
methanol gave octadecancic acid (0-8 g., 28%) as plates, m. p. 69-6" undepressed on admixture with a 
highly purified specimen of natural stearic acid, m. p. 69-0° (Guy and Smith, /., 1939, 615, give m. p. 
69-6") (Found : equiv., 281. Cale. for C,,H,,O,: equiv., 284). The »-bromophenacyl ester crystallised 
from aqueous methanol in plates, m. p. 89° undepressed on admixture with an authentic specimen 
(Moses and Reid, loc. cit., give m. p. 90-0") 


Electrolyses with Methyl Hydrogen Sebacate. 


Decanoic Acid.(a) A mixture of the half-ester and acetic acid was electrolysed by the following 
modification of method A in which the electrolysis was carried out in a continuous-extraction apparatus 


A solution of the half-ester (2-16 g., 1 mol.) and acetic acid (9-0 g., 15 mols.) in methanol (10 c.c.) was 
neutralised with sodium hydroxide (6-4 g.) in water (20 c.c.) and electrolysed for § hours. During the 
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experiment a mixture of the half-ester (5-85 g.) and acetic acid (24-5 g.) was added. Throughout the 
electrolysis the cell contents were subjected to continuous extraction with light petroleum (b. p. 40— 
@"). Evaporation of the petroleum extract and distillation of the residue gave methyl decanocate, b. p 
100.106"/12 mm., which was hydrolysed to decanot acid (3-2 g., 50%), m. p. WO” undepressed on 
admixture with an authentic specimen The p-toluslide crystallised from benzene-light petroleum 
(b f 60 —0”") in plates, m. p. 74° undepressed on admixture with an authentic specimen (Kobertson, 
J, 1910, 116, 1210, gives m. p. 78°) 

(6) Methy! hydrogen sebacate (54 g., 1 mol.) and acetic acid (90 g., 6 mols.) in methanol (200 c.c.) 
were clectrolysed by method B2 and gave: (i) Crude methy! decancate (30-0 g.), b. p. 130° /23 mm., 
which was dissolved in carbon tetrachloride and treated with bromine until the latter was no longer 
rapidly aleorbed. Evaporation of the solution and distillation of the residue gave methy! decanoate 
(26-0 ¢.), b. p. 130°/26 mm., which was hydrolysed to decanoic acid (22-0 g., 51%), b. p. 160°/17 mm., 
ip 35-510". (ii) Methyl hexadecane-I : 16-dicarboxylate (5-6 g., 13%) 


Electrolysis of the half ester and acetic acid in the molar proportions of | : 2 gave decanoic acid in 
34% yield. The p-bromophenacy! ester had m. p. 69° undepressed on admixture with an authentic 
specimen 

T etvradecancie Acid.—-Methy! hydrogen sebacate (21-6 g., 1 mol.) and hexanoic acid (23-2 g., 2 mols 
in methanol (90 c.c.) were electrolysed by method Bl and gave: (i) Decane (5 g.), b. p. 30°/1 mm 
(ti) Methy! tetradecanoate (11 g.), b. p. 63°/1 mm., which on subsequent hydrolysis gave tetradecanoic 
ack (10-0 g., 44%), m. p. 55-5" (Found : equiv., 226. Calc. for C,,H,,O,: equiv., 225). The p-bromo- 
phenacy! ester had m. p. §1° undepressed on admixture with the specimen described above. (iii) Di- 
methy! In cadecane-1 : 16-dicarboxylate (1-0 g.. 6%), b. p. 196°/1 mm., m. p. 57° (Chuit, Hele. Chim 
deta, 1926, 9, 276, gives m. p. 60°), which on hydrolysis gave the dicarboxylic acid which crystallised 
from chloroform in prisms, m. p. 124° (idem, loc. cit., gives m. p. 1246—124-8 


Octadecanotc acid.—(a) A mixture of methy! hydrogen sebacate and decanoic acid was electrolysed by 
the following modification of method A in which the electrolysis was carried out in a continuous 
extraction apparatus 


The halt-ester (1-0 g., 1 mol.) and decanoic acid (2-58 g., 3 mols.) were added to a solution of sodium 
hydroxide (0-8 g.) in water (10 cc.) and methanol (5 c« The solution was electrolysed for 2 hours by 
using 4 spiral of platinum wire (2-65 sq. cm. surface area) as anode, and an anodic current density of 
O57 amp.jeq.cm. During the electrolysis, a mixture of the half-ester (3-24 g.) and decanoic acid (7-74 g.) 
was slowly added, and throughout the experiment the cell contents were subjected to continuous 
extraction with light petroleum (b. p. 40-60"). The petroleum extract was washed with dilute sodium 
hydroxide solution and evaporated The resxiue was hydrolysed by heating it with alcoholic sodium 
hydroxide, the resulting mixtere was diluted with water, and the alcohol removed by distillation 
The non-hydrolysable material was extracted with light petroleum, and the sparingly soluble sodium 
salt was separated and acidified. One crystallisation of the crude product from light petroleum 
(b. p. 60-80") gave octadecanoic acid (1-2 g., 21%) as plates, f. p. 68-4" undepressed on admixture with 
an authentic specimen 

Repetition of the preceding experiment with an anodic current density of 1-0 amp. sq. cm. resulted 
in no significant change in the yield of octadecanoic acid 


(6) Electrolysis of methy! hydrogen sebacate (8-6 g., 4 mols.) and decanoic acid (5-2 g., 3 mols.) in 
methanol (30 by method #1 gave: (i) Octadecane (4-4 g.), b. p. 100-—105°/0-15 mm., which 
solidified and was recrystallised from acetone, yielding needles, m. p. 28° (Heilbron and Owens, /., 1928, 
045, give m. p. 28-20"). (ii) Methyl octadecanoate (2-6 g.), b. p. 136°/0-3 mm., which on subsequent 
hydrolysis yielded octadecanoic acid (20 g., 18% This crystallised from methanol in plates, m. p 
688° undepressed on admixture with an authentic specimen. The p-bromophenacy! ester had m. p 
89-5° undepressed on admixture with the specimen described above 


Dimethyl Hewadecane-\ - 16-dicarberviate.—Methy! hydrogen sebacate (31-5 g.) in methanol (70 c.c.) 
was electrolysed by metha! #1 and gave (i) An unsaturated ester (2-5 g.), b. p. 54°/0-8 mm. (ii) Di- 
methy! hexadecane-1  16-dicarhboxylate (165 ¢.. 66%) (cf. Swann, Ochler, and Pinkey, Org. Synth., 
1o4!, 21. 48 

Octadecannie Acid.--Methy! hydrogen hexadecane-! : 16-dicarboxylate (3-6 g., 1 mol.), m. p. 78° 
(Found: C, 607; H, 114. Cake. for C,,H,,O,: C, 605; H, 11:1%), and acetic acid (2-6 g., 4 mols.) 
were added to a solution of ammonia (0-017 g.) in methanol (40 cx and the resulting solution was 
electrolysed in the cell described under method Bl. (The ammonium rather than the sodium salts were 
used on account of the low solubility of the sodiam salt of the half-ester in methanol A current of 
14 amps. was passed for 85 minutes, the temperature being maintained at 40 The solvent was 
removed ander reduced pressure, and the residue dissolved in ether (300 cx and washed with 
2n-potassium hydroxide solution. The alkaline solution was concentrated to a small volume and then 
a idified, hexadecane-|  If-dicarboxylic acid (0-6 g.), m. p. 124°, being precipitated. Evaporation of 
the ethereal solution and distillation of the residue gave methy! octadecanoate (0-85 g.), b. p. 110° /0-1 mm., 
which on subsequent hvdrolvais yielded octadecanoic ac 77 g., 25%), m. p. 68-9° undepressedfon 
admixture with an authentic specimen The p-bromophenacy! ester had m. p. 89-0° undepressed on 
admixture with an authentic specimen 
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Anodic Syntheses. Part II. Synthesis of (+ )-Tuberculo- 
stearic Acid. 
By R. P. Liysteap, J. C. Lunt, and B.C. L. Weepon 
The anodic synthesis of fatty acids described in Part I has now been applied to the 
pr ation of (+ )-tuberculostearic acid (IIT) 
Slectrolysis of a mixture of octanoic acid and methyl hydrogen @-methylghutarate (1V) led 


to 3-methylundecanoic acid® (V). A mixture of the latter with methy! hydrogen azelate on 
electrolysis furnished methyl (+ )-tuberculostearate 


In Part I (preceding paper) the synthesis of a number of normal fatty acids by the electrolysis 
of a mixture of a monocarboxylic acid and a half-ester of a dicarboxylic acid was described 
This modified Kolbe reaction can also be applied to the preparation of branched-chain fatty 
acids. These acids are of interest from their occurrence in Nature, ¢g., in chaulmoogra oil, in 
the tubercle bacillus (cf, Weitzel, Angew. Chem., 1948, 604, 263), and in wool fat (Weitkamp, 
]. Amer. Chem. Soc., 1945, 67, 447), and because a number of them have been shown to possess 
marked physiological activity (cf. Brownlee, Ann. Reports, 1948, 46, 292) 

The selection of intermediates for the anodic synthesis of branched-chain compounds is 
influenced by the fact that acids possessing an alkyl! substituent in the a-position have been 
shown to give small or negligible yields of coupled products in the Kolbe reaction (for references 
see Part I). However, alky! substituents further removed from the carboxy! group than the 


(lL) HO,CCH,CMe,CO,Et HO,C-CMe,CH,CO,Et (IL) 


a-position do not in general appear to exert a similar adverse influence. Petersen (7. physihal 
Chem., 1899, 83, 205; Z. Elektrochem., 1906, 12, 141) demonstrated the marked difference in 
behaviour of a- and §-substituted acids by the electrolysis of the isomeric a-methylbutyric and 
isovaleric acids, whilst Farmer and Kracovski (/., 1926, 2318) observed that, whereas 
electrolysis of §-carbethoxy-$$-dimethylpropionic acid (I) gave ethyl axa’a’-tetramethyladipate 
in 30—35% yield, the isomeric half-ester (II) gave ethy! 668’8’-tetramethyladipate in only 
5—8% yield. Coupling of a $-substituted acid was also reported by Ruzicka and Stoll (Helv 
Chim. Acta, 1934, 17, 1308) as an undesired side reaction in the synthesis of muscone, while 
Karrer et aj. (ibid., 1932, 15, 1218; 1933, 16, 207) utilised the anodic coupling of y-methy! acids 
in the synthesis of perhydrobixin and perhydrocrocetin. More recently Hunsdiecker (Ber, 
1942, 75, 1197), developing a new route to muscone, showed that electrolysis of a mixture of 
11-methoxyundecanoic acid * and methyl hydrogen $-methyliglutarate (IV) gives three products 


Me-(CH,),CO,H + HO,C(CH,) CO Me 
Me-(CH,) CO,H + HO,C-CHyCHMeCH,COMe (IV) 
! 


(V.) Me(CH,),CHMeCH,CO,H + HO,C{CH, -COMe 


Me-iCH, pe ee CO (IL) 


formed by both symmetncal and unsymmetrical (" crossed ") coupling of the two components 

The Kolbe reaction thus seemed eminently suitable for the synthesis of branched-chain 
fatty acids, provided that the components employed were not substituted in the a-position 
To exemplify this synthetic route, the preparation of 10-methylstearic acid was undertaken 
The levorotatory isomer of this acid, tuberculostearic acid, occurs in the tubercle bacillus 
(Anderson and Chargafi, /. Biol. Chem., 1929, 85, 77; cf. Prout, Cason, and Ingersoll, /. Amer 
Chem. Soc., 1948, 70, 208), and syntheses of both the optically active and the inactive form have 
previously been recorded (Spielman, /. Biol. Chem., 1934, 106, 87; Prout, Cason, and Ingersoll, 
loc. ctt., Staliberg-Stenhagen, Arkiv Kemi, Min., Geol., 1948, 26, A, No. 12; Schmidt and 
Shirley, |. Amer. Chem. Soc., 1949, 71, 3804) 

Electrolysis in nethanol of a mixture of octanoic acid (prepared by the electrolytic method 
described in Part I) and methy! hydrogen §-methylglutarate (IV), in the molar proportions 1 : 2, 
led to the isolation of 3-methylundecanoic acid (V) in 46%, yield (based on octanoic acid). A 


, © Geneva numbering is used for the longer fatty acids. 
Op 
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similar electrolysis of (V) and methyl hydrogen azelate, in the molar proportions | : 2, furnished 
methyl (+ )-tuberculostearate, in 31-—36",, yield (based on V), which was hydrolysed to give 
(Lit). This acid after crystallisation from acetone had m. p. 2:°0-—21°4°, but on cooling the 
molten acid a second form, m. p, 24'1—24'6", was obtained 

The investigation now described is being extended to the use of optically active intermediates 
im the Kolbe reaction to give branched-chain fatty acids of known stereochemical configuration 


EXPERIMENTAL. 


Methyl Hydrogen Methyigintarate (1V).—Ethy!l e<arbethoxy-§-methyigiutarate, b. p. 108 
iv O03 mm, « 1.4370, was prepared in 60% yield from ethy! crotenate and ethyl malonate by the 
methad of Hunadiecker (Ber, 1942, 76, 8. 1197). The triester (207 g.) was refluxed with dilute (1. 1) 
bydrochioric acid (35) c.c.) for 23 hours (cf. hydrolysis and decarboxylation of ethy! propane-1 1 2. 3- 
tetracarboxylate, Clarke and Murray, Org. Synth., Coll. Vol. 1, p. 523) and the solution was then 
evaporated under reduced pressure The residue of crude §-methyigiutaric acid was heated under 
reflux with acetic anhydride (350 ¢ c.) for 7 hours. After removal of the excess of acetic anhydride and 
acetic acid under reduced pressure, the residue was distilled, giving 8-methylglutaric anhydride (132 g 
06%, based on triester), b. p. 118° /2 mm., m. p. 41-5425" (Stallberg-Stenhagen, Artie Kem, Min, 
Geol, 1948, 25, A, No. 10, gives b. p. 138—140" 9 mm.) 


The anhydride (50-0 g., 0-39 mol.) and anhydrous methanol (12:5 g., 0-39 mol.) were heated under 
reflux on the steam-bath for 2—3 hours. Dustillation of the product gave methyl hydrogen £-methyl- 
giutarate (54-2 g., 87%), b. p. 107 —108°/0-5 mm., w]P 1-4388 (idem, sbed., gives b. p. 114-—116°/1 mm.) 
(Pound . equiv. 150. Calc. for C,H,,O,: equiv., 160) 

3. Methylundecanow Acid (V) A mixture of methyl hydrogen §-methviglutarate (22-4 ¢.. 0-14 mol.) 
and octanore acid (10-0 ¢.,007 mol; ef. Part 1) was added to a solution of socium (0-1 g., 60-0043 mol.) in 
technical absolute methanol (656.70 c< The resulting solution was cooled in an ice-bath and 
electrolysed using two platinum plates (42-5 cm. total surface area), placed ca. 1-5 mm. apart, 
as electrodes and «a current of 2 amps. When the electrolyte became slightly alkaline the 
electrolysis was interrupted. Concentrated sulphuric acid (0-21 g) was added to the cell contents, 
which were then filtered and evaporated under reduced pressure. The residue was extracted with ether, 
and the ethereal solution was washed with sodium hydrogen carbonate solution, and evaporated. The 
resndue was heated under reflux for 2 hours with a solution of sodium hydroxide (25 g.) in methanol 
(100 «.c.) and water (30 c.c.). Isolation of the neutral and acidic fractions in the usual manner gave 
(1) -tetradecane (3-2 g.), b. p. 150°/70 mm., wf 1-4299, and (ii) an acidic fraction which on distillation 
yielied S-methylundecanoic acid (12-7 g., 46%), b. p. 116°/0-4 mm. njP* 14406 (Prout, Cason, 
and Ingersoll, {. Amer. Chem. Soc, 1048, 70, 208, give b. p. 147-5-—148-5°/2 mm., »P 1-4389) 
The amide, crystallised from light petroleum (b. p. 40-60"), had m. p. 87-5-—87-7" (idem, tbid., give 
m. p. 88 3-—80-3", corr.) 


The residue from the distillation of the acidic fraction consisted of 82’-dimethylsuberic acid (4-2 g., 
Ww) 

10. Methyloctadecanone Acid |( 4 )-Tubereulostearic Acid) (111) A solution of 3-methylundecanok 
acid (5 g., 0-025 mol.), methyl hydrogen azelate (9 g., 0-045 mol.). and sodium (0-03 g.. 0-0014 mol.) in 
methanol (26.30 ¢.c.) was electrolysed, two platinum pilates (2.5 « 25 cm.) placed 15 mm. apart 
being used as electrodes, with a current of 1-1-—0-8 amp. (it was found advantageous to reverse the 
direction of the current periodically to prevent the anode being coated with a film of insoluble material) 
When the electrolyte became slightly alkaline the electrolysis was interrupted 


The preceding experiment was repeated and the combined cell contents were warmed, to dissolve the 
dimethyl thapsate which crystallised on cooling, and filtered The filtrate was neutralised by the 
addition of a few drops of glacial acetic acid and the solvent was then removed under reduced pressure 
The solid residue was extracted with ether (80 ¢ c.) and the ethereal solution was washed with sxlium 
hydrogen carbonate solution and evaporated 


The residue was heated under reflux for 30 minutes with a solution of potassium hydroxide (11-4 g.) 
m methanol (35 « ¢.) and water (@ cc) After dilution of the mixture with water (150 «.c.), the 
non-hydrotysable material was extracted with light petroleum (b. p. 40-—60°)-ether. Evaporation of 
the extract and distillation of the residue gave 9: 12-dimethyleiwcosane (1-4 g.. 18%), b. p. 131°/0-7 mm 
«of 1.44626 (Pound) C, 86-75, H, 16-95. Cy, requires C, 85-05; H, 14-95% 


The aqueous solution of potassium salts was acidified with dilute hydrochloric acid, and the liberated 
ace extracted with ether The extract was washed with water, dmed, and concentrated to small volame 
(65 cx thapsic acid (2-1 g.), m. p. 120-—122-6" (Carmichael, /., 1922, 181, 2545, gives m. p. 124 
crvetallieed on cooling and was removed by filtration The filtrate was evaporated and the residual 
crude acids (11-2 ¢.) were dissolved in ethanol (85 « The solution was warmed and treated with an 
excess of a 6%, alcoholic solution of lead acetate. The solution was kept for 1 hour at 0", and the lead 
t te (3-5 g.) which had precipitated was filtered off. The filtrate was evaporated and the residual 
lead salts were acidified with 2x-nitric ackd. The liberated organic acid was isolated by extraction with 
ether and then esterified by treatment with a slight excess of an ethereal solution of diazomethane 
Evaporation of the ethereal solution and distillation of the residue gave methy! 10-methyloctadecanoate 
(&-7 g., 38%). b. p. 1396-139" 0-14 mm., aff? 1-44460 (Spielman, /. Biol, Chem, 1934, 106, 87, gives b. p 
143-1465 1-6 mm, off 14438 

The preceding experiment was repeated and the crude product, after removal of the thapsic acid, 
via the lead salt, was distilled, giving 10-methyloctadecanotc acid (4:7 ¢.. 31%), b. p. 148°/0-1 mm 
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m. p. 145-180", nf 14524, which was recrystallised from acetone, giving m. p, 21.0-—21-4". 
On cooling the molten acid, a second form crystallised out. This had m. p. 24-1245" Prout, Cason, 
and Ingersoll, loc. cst.. give m. p. 25-4-—26-1" (corr). § berg-Stenhagen, Artic Keon, Min, Geol. 
1948. * t. No. 10, describes two forms, m. p. 20-0-—-21-6* and 25-8-—26-1°, vely). (Found 
C, 76-5; H, 12-6. Calc. for C,H C, 76-45; H, 1s-0er The amide o ised from acetone in 
needles, m. p. 76-5-—77-2° (idem, . give m, p. 77-4781", corr.). 


We thank the Department of Scientific and Industrial Research for a Maintenance Grant to one of 
us (J.C. L.) 
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651. Anodic Syntheses. Part 111. Retention of Optical Activity 
During the Kolbe Reaction. 
By K. P. Linsreap, J. C. Lunt, and B. C. L. Weepow 


Application of the Kolbe reaction to the enantiomorphs of a £-substituted acid has been 
shown to give products in which the configurations of the asymmetric centres have been 
retained 

Electrolysis of (+)-L- and (—)-D-methyl hydrogen £-methyiglatarate (1) gives (+)- and 
(—)-methyl £8’-dimethylsuberates (II, R «— Me) respectively, no racemisation being detected 
Electrolysis of (4)-(I) yields a mixture of meso- and (4-)-diesters (Il; R « Me). From these 
£8’-dimethyisuberic acid has been obtained in all four forms, (+)-, (—)-, meso-, and racemic 





ATTENTION was drawn in Part I] (preceding paper) to the value of the Kolbe reaction for the 
synthesis of branched-chain compounds. With a view to extending this method to the 
preparation of stereoisomers of known configuration, it was clearly desirable to determine 
whether anodic coupling of optically active materials could be effected without racemisation of 
the asymmetric centres 

Wallis and Adams (J. Amer. Chem. Soc., 1933, 55, 3838) reported a complete loss of activity 
during the preparation of 3 : 4-dimethylhexane from (--)-a-methylbutyric acid. Racemisation 
of this kind is not unexpected because the asymmetric carbon atom is directly attached to the 
carboxy! group eliminated in the reaction. If, for example, a free radical were involved in the 
process, this would mean a temporary planar distribution at the a-carbon and a loss of activity. 
However, it seemed likely that activity involving an asymmetric carbon further removed from 
the carboxyl group would be preserved during a Kolbe reaction. This has now been shown to 
be true by a stady of the electrolysis of the readily available enantiomorphs of methy! hydrogen 
&-methyiglutarate (1), The resolution of this half ester has recently been described in the 
valuable work of StAllberg-Stenhagen (Arhivw Kemi, Min., Geol., 1948, 256, 4, No. 10), who has 
also considered the configurational relationship to glyceraldehyde 


(L) MeO,C-CH,CHMe-CH,-CO,H RO,C-CH, CHMe-CHyCH,CHMeCH,CO,R (IL) 


When (+)-L- and (—)-D-(I) were electrolysed in methanol solution, (+-)- and (—)-methyl 
68’-dimethylsuberates (Il; R < Me) were obtained in 63 and 75% yields respectively and found 
to possess specific rotations which were numerically identical within the limits of experimental! 
error. That partial racemisation had not occurred in both cases was established by hydrolysis of 
the two esters to the corresponding crystalline dicarboxylic acids (Il; R « H),m. p. 83°5°, which 
differed only in direction of rotation; no trace of the (+ )- or meso-diacid was detected in either 
case. On admixture of equa! quantities of the (4-)- and (—)-diacids, an inactive acid, m. p 
79—79°5", was obtained. This appears to be a racemic compound, as its m. p. is depressed by 
admixture with either of the enantiomorphs 

It has been demonstrated previously that electrolysis of a mixture of two acids gives 
products by both symmetrical and unsymmetrical coupling (see Part I). Since the (+-)-half 
ester (1) is an equimolar mixture of the two enantiomorphs, it was expected that on electrolysis 
it also would give a mixture of products. In this instance, crossed coupling would furnish the 
meso-diester (II; R = Me), whereas symmetrical couplings would give the (+)- and the 
(—)-diester in equal amounts, i¢, the (+4-)-<liester. These conclusions were confirmed by 
hydrolysing the diester formed in 80%, yield on electrolysis of (+-)-([), whereupon a mixture of 
diacids was obtained. By fractional crystallisation of the latter, a pure stereoisomer, m. p. 105°, 
was isolated. Since the latter differed from the racemic diacid, prepared in the manner described 
above, it must possess the meso-configuration. The products obtained by previous workers 
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from the electrolysis of various other branched-chain acids and half-esters must be presumed to 
be mixtures of racemic and meso-forms. 

Note on Nomenclature.—The various stereoisomerides of fatty acids containing methyl 
substituents may be represented unambiguously by means of Fischer projections along the lines 
described, for example, by Hudson for the sugar group (" Advances in Carbohydrate Chemistry,” 
Vol. 3, p. 1, New York 1948). The naming of such substances with precision is more difficult 
In the absence of an agreed convention we give below the method which we propose to follow 
in the present series of papers. An asymmetric carbon atom bearing a methy! group will be 
said to belong to the D- or L-series according to whether the methyl group appears on the 
right- or the left-hand side of the main carbon chain when the Fischer projection of the molecule 
is written vertically with the functional group at the top. Where more than one functional 
group is present, the order of priority will be -CHO, ~CO,H, ~CO-Hal, -CO,Alky!, -OH 

Hal. Where two identical functional groups are present, that attached to the lowest 
numbered carbon atom (on the Geneva convention) will take precedence, except when the 
carbon atoms are designated by Greek letters, in which event the configuration of each 
asymmetric atom will be referred to the same group as the lettering 

StAliberg-Stenhagen (/oc. cif.) has related the lavorotatory form of methyl hydrogen 
6-methyigiutarate to p-glyceraldehyde, and therefore assigned the former to the series which we 
call D. Although this relationship is perhaps not rigidly established, we propose to follow it 
provisionally and accordingly to represent the hevorotatory half-ester as (III). From similar 
connections with v-glyceraldehyde (cf. StAllberg-Stenhagen and Sterhagen, Arkiv Kemi, Min 
Geol, 1947, 24, B, No. 9), the dextrorotatory forms of methylsuccinic acid and 2-methylbutanol 
are also ascribed to the L-series 

The following will serve as examples of the proposed nomenclature 

(i) The molecule represented by the Fischer projection (1V) is termed 3(1) ; 9(/)-dimethyl- 
tridecanoic acid 

(ti) The levorotatory dimethy! ester (V) formed by anodic coupling of D-methy! hydrogen 
S-methyigiutarate (III) is termed methy! 2(L) : 5())-dimethylhexane-! : 6-dicarboxylate, or 
alternatively methy! 6(L) : §‘(L)-dimethylsuberate 

It is regrettable that this convention leads to an apparent anomaly exemplified in (1) above 
the coupling of two optically tdentical residues yields a molecule which is so named as to imply 
a difference between the two centres. This difficulty is inherent in the use of the Fischer 
convention and we see no way round it. It must therefore be clearly borne in mind that the 


preparation of a substance labelled D by coupling of an L intermediate does not necessarily unply 
an inversion the change mm prefix following solely from the conventional alteration of the 
reference group 
The actual direction of rotation under given experimental! cond:tions is, of course, designated 
by (+) and } in the usual way 
tdded, 139.50.) Since these papers were submitted for publication, an admirable paper 
by Stallherg-Stenhagen (A4réiw Keo, 1950, 2, 95) has come to our notice which covers some of 
the same ground This author describes the synthesis of optically active forms of 8-methy! 
carboxyl acids by the electrolysis of mixtures of a fatty acid and an enantiomorphous half 
ester of S-methylglutaric acid The synthesis of the four forms of $8’-dimethvisuberic acid is 
described, the results being in close agreement with those now given. The yields reported by 
the Swedish worker in these symmetrical couplings differ slightly from ours, but those which we 
have obtained in unsymmetrical couplings (¢g., in the preparation of 3-methvlundecanoic acid) 
are somewhat higher In view of the similarities in methods and objectives, it seems appropriate 
to report that we have now effected the anodic syntheses of ( + )-3-methvlundecanoie acid and 
tuberculostearic ack 
EXPERIMENTAL 
Resolution of Methyl Hydrogen 8-Methyigiutarate As our method differs in some respects from that 
of Staliberg-Stenhagen (Ardie Aen, Min., Geol, 1948, 86. A. No. 10) the details are given below 
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(+)-L-Methyl Hydrogen B-M ethylgiutarate.—Cinchonidine (58-4 g.; 0-2 mol) was added gradually 
to a warm solution of the (+ )- half ester (for preparation see Part 11) (31-8 g., © 2 mol.) in water (320 ¢.c.) 
and methanol (45 c.c.). After the addition was c lete, the solut was at 80° for a further 
5 minutes and then filtered. On cooling of the filtrate, the cinchonidine salt of (+ )-L-methyl hydro- 
gen 8-methyiglutarate ted, and after recrystailisation once from 4%, methanol (ca 280 ¢.c.) 
and once from water ( c.c.), was obtained as long needles (27-6 g.), m. p. ca. 89°, (al)fh* — 88-6" 
(i = 1, ¢ = 5% in methanol). Thespecific rotation remained constant, within the limits of experimental 
error, on further recrystallisation. 


The cinchonidine salt (27-6 g.) was dissolved in warm water (ca. 160 c.c.) and, after the solution had 
been cooled rapidly, the equivalent amount of 2n-hydrochioric acid was added. The regenerated half 
ester was isolated by ether extraction and the ethereal solution was washed with a small volume of 
water, dried, and evaporated. Distillation of the residue gave( +)-L-methyl hydrogen £-methyigiutarate 
(7-0 g., 44%), b 103-—104-5°/0-4 mm., wf 1-4380, of)? +0-65° (homogeneous; | = 1) (sdem, ibid., 
gives wf 1.4389, +064") 

(—)-D-Methyl Hydrogen B-M ethylgiutarate —Quinine (40 g.,0-126 mol.) was added gradually to a warm 
solution of the (+ )-half ester (20 g., 0-125 mol.) in water (200 c.c.) and methanol (30c.c.). The resulting 
solution was filtered and kept at 0° for 2—3 days during which the salt ted. The salt was 
recrystallised once from 5% methanol (160 c.c.) and then once from water (140 c-< ¢.), giving long needles 
(28-3 g.). m. p. 79-5—80", (a)? —128-3° (1 = 1; ¢ = 2% in methanol), The m. p. and specific rotation 
were unaltered by further recrystallisation. 

Regeneration of the half-ester in the manner described above for the cinchonidine salt gave (—)-D- 
methyl hydrogen 8-methyiglutarate (3-75 37-5%). b. p. 04°/007 mm., af 14385, ajf* —0-63° 
(homogeneous; | = 1) (idem, ibid., gives # 14387, of —0-64"). 

Methyl 28’-Dimethylsuberate (11; R = Me).—Methyl hydrogen 8-methyigiutarate (35 g., 0-22 mol.) 
was added to a solution of sodium (0-57 ‘. 0-025 mol.) in methanol (90 c.c.) and water (10 ¢. c.). The 
resulting solution was cooled in an ice-bath and electrolysed using a platinum plate as cathode, a spiral of 








jatinum wire (3-52 sq. cm. surface area) as anode, and a current of 20 amps. When the electrolyte 
= ame slightly alkaline (210 minutes), the electrolysis was interrupted and concentrated sulphuric acid 
(1-22 g.) added to the cell contents which were then filtered and evaporated under reduced re until 
most of the solvent had been removed. Ether was added to the residue, and the ethereal solution was 
hed with sod hydrogen carbonate solution, then with water, dried, and evaporated. Distillation 
ii 80%), b. p. 101-5-—102-6°/0-6 mm., »j}f* 

76, 1197, gives b. p. 115°/1-5 mm.) (Pound : C, 62-8; H, #7. Cale. for 





of the residue gave methy! ethy! BB dmethyaubrae (18-4 
1-4376 (Hunsdiecker, Ber., 
CyHyO,: C, 62-6; H, °45%) 


meso-B8"-Dimeth psy: Aad.--A mixture of the preceding ester (34-7 g.), sodium hydroxide 
(28 g.), and water (90 c.c.) was heated under reflux with vigorous stirring until a homogeneous solution 
was obtained. The aqueous solution was acidified with concentrated hydrochloric acid and the 
precipitated mixture of stereoisomeric acids, m. p. 90—02°, was separated (28 ¢.. 91%). By fractional 
crystallisation of the mixture from 25%, methanol, meso-£8’-dimethyloubertc acid (5-6 g.) was isolated as 
needles, m. p. 105° (Found: C, 50-4; H, 90. C,,H,,O, requires C, 50-4; H, 895%) 

Methyl (+)-BUD) : 8’(D)-Dimethylsuberate.—Electrolysis of (+-) L- anes! a 8-methyighutarate 
(5-04 g., 0-032 mol.) in 90% methanol (18 c.c.), to which sodium (0-08 g., ) had been added, by 
9 method described above for the racemic compound gave methyl Dy +)- wr eID) dimethyl suber ate 

205 ¢., te ), b. p. 93-04" 0-03 mm., a}? 1-4370, in +9 98° (homogeneous; / 1) (Found : C, 62-3; 
Hos ables, requires C, 62-6; H, 9-65%) 

(+)- on B(D)- Diensthylouborie Aad.—Hydrolysis of the preceding ester (1-9 g.) with 20% aqueous 
sodium hydroxide (15 c.c.) in the usual way gave, on acidification, (+ )-8(D) : B'(D) ve actd, 
which after one crystallisation from water was obtained as needles (10 g., 60%), m. p. 83-5", [a)}P* 

+13-1 (dioxan: J = 1; ¢ = 5%) (Found: C, 501; H, #8. C,H 10, requires C. sed: H, 8 95%) 

Methyl (—-)-B(L) : B'(L)-Dimethylswberate.—A solution of (-—)-D-methy!l hydrogen £-methyigiutarate 
(6-84 g_, 0-043 mol ) in technical absolute methanol (35 c.c.) containing sodium methoxide (from sodium, 
0-02 g., 0-00087 mol.) was cooled and electrolysed for 70 minutes with a current of 1-4 amps. The 
electrodes consisted of two square platinum plates (2-5 cm. = 25 cm.) placed ca. 1-5 mm. apart 
Isolation of the product in the usual way gave methyl (—)-B(1.) : B’(L)-dimethyleuberate (3-5 g., 75%), b. p 
140°/12 mm., wfP* 1.4360, af?* —9-94° (homogencous; | = 1) (Found: C, 626; H, 955. C,,H,.O, 
requires C, 62-6, H, 965%) 

( B(L) . B(L)-Dimethyleuberic Acid. —Hydrolysis of the preceding ester (2-0 ¢ ) in the usual manner 
gave (—)-B(L) : B'(L)-dimethyleuberic acid, which crystallised from water in needles (1-25 g.), m. p. 83-5 

—13-2° (1 = 1; ¢ = 5% in dioxan) (Faund: C, 50-7; H, 90. C,H,,0, requires C, 504 


Racemic B8'-Dimethyisuberic Acid.-On admixture of equal amounts of the two enantiomarphs 
described above and crystallisation of the mixture from water, the racemic diacid was obtained as needles, 
m. p. 7%—79-5° depressed on admixture with small amounts of cither of the two optically active 
components 
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652. Some Potential Trypanocidal and Antibacterial Compounds 
in the Heterocyclic Series. Part I, Benzthiazles. 


By F. PF. Sreruens and D. G. Wieser.ey. 


Several benzthiaszole compounds, mostly pre from diaminophenyithiosulphuric acids, 
have been synthesized for antibacterial and trypanocidal examination. One of these 
compounds, 6-amsdino-2-p-amidinophenylbenzthiazole, revealed interesting trypanocidal 
action 


Ir is well known that aromatic diamidines exhibit considerable antibacterial activity (¢.¢., 
Ashley, Barber, Ewins, Newbery, and Self, /., 1942, 103; Wien, Harrison, and Freeman, 
Brit. J]. Pharmacol, 194%, 3, 211) and that trypanocidal action has been demonstrated in the 
benzthiazole field (Browning, Cohen, Ellingworth, and Gulbransen, Proc. Roy. Soc., 1931, B, 
108, 119). For these reasons, among others, it was decided to prepare 6-amidino-2-p-amidino- 
phenylbenzthiazole and to examine its parasiticidal properties 

6-Amino-2-p-aminophenylbenzthiazole (I11; R= H), a suitable intermediate in the 
preparation of this diamidine, has already been reported by Bogert and Taylor (Coll. Czech 
Chem, Comm , 1931, 3, 480), who obtained it in poor yield by reaction of " p-phenylenediamine- 
monothiosulphuric acid (2: 5-diaminophenylthiosulphuric acid) (1) (Bernthsen, Annalen, 
1889, 251, 1) with p-nitrobenzoy! chloride (followed by reduction) and also by condensation of 
one mole of this thiosulphuric acid with two moles of p-nitrobenzaldehyde. In the latter 
reaction, the primary product was considered to be 6-(p'-nitrobenzylideneamino)-2-p-nitro- 
phenylbenzthiazole (11) and this was converted into the diamine (IIT R H) by acid 
reduction 


: . st 
CHO , Se+ HO \f \ = - 
Mo wl —_— C-~<€ NO, > WHR. NHR 
H, Is. HH ~ $7 =v WNsg 5 am & 
a) KYY.. (mh) $ amt) 


We have found that a far better yield of the diamine (III; R < H) is obtained if the thio- 
sulphuric acid (1) is treated with an equimolecular amount of p-acetamidobenzaldehyde. In 
this case the initial product is the Schiff's base 2-(p-acetamidobenzylideneamino) -5-aminopheny!- 
thiosulphuric acid (IV; K — Ac)*, and this is quantitatively cyclised to (III; R = Ac) by 
boiling it under reflux with acetic acid and ammonium acetate : 


N 
SNHKR ——» (I11, R = Ac) + SO, + H,O 


’ i cH ‘ 
HN, SSO, a 
a, avy 


pP-Aminobenzaldebyde is conveniently prepared by Beard and Hodgson’s method (/., 1944, 4), 
and we have shown that the unacetylated Schiff's base (1V; RK — H) may be obtained 
without isolation of this aldehyde (see Experimental). Cyclisation of (IV; R =< H), 
by the method referred to above, gave 6-acetamido-2-p-acetamidophenylbenzthiazole 
(IIL; Row Ac) which yielded the required diamine (II1; RK = H) by acid hydrolysis 
6-Cyano-2-p-cyanophenylbenzthiazole was obtained by tetrazotisation of (III; RK = H) 
followed by Sandmeyer reaction. It was also prepared by reaction of 6-bromo-2-p-bromo- 
phenylbenzthiazole (V1) with cuprous cyanide, (V1) having been obtained from the corresponding 
diamine (III; Ro « H) by Sandmeyer reaction, and also by application of the Herz reaction 
(GP. 360,600, Konig, Ber, 1928, 61, 2065, Hixson and Cauwenberg, /. Amer. Chem. Soc, 
1930, 62, 2118, Astand Bogert, Rec. [rae chim., 1935, 54,917; Fox and Bogert, /. Amer. Chem 
Soe, 1930, 61, 2013, Biomquist and Diuguid, /. Org. Chem., 1947, 12, 718) in which p-bromo- 
aniline was converted by reaction with sulphur monochloride into its thiazathionium chloride 
(V) (ef. Bezzgubets, /. Gen. Chem. Russia, 1047, 17, G81; Chem. Abds., 1948, 42, 6807). Ring 
opening with alkali led to the zinc salt of 2-amino-5-bromothiophenol, which produced the 
desired dibromo-compound on condensation with p-bromobenzoyl chloride 
6-Cyano-2-p-cyanophenylbenzthiazole was converted into the corresponding diamidine 
dihydrochloride by the usual Pinner method (see Ashley, Barber, ef al., loc. cit.), dioxan or 
nitrobenzene being used as solvent Opportunity was taken to bring about reaction between 


* For note on the structure of the Schiff’s bases, see p. 3336 
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the intermediate di-imino-ether hydrochloride and alcoholic hydrazine to obtain the diamidrazone 
(ef. Taylor and Baker, “ The Organic Chemistry of Nitrogen,” 1937, p. 399). 


In view of the considerable trypanocidal activity shown by phenanthridinium compounds 
(review by Walls, J]. Soc. Chem. Ind., 1947, 66, 182) 6-amino-2- b-p-aminopheayibensthiasole 
methochloride (VII) was prepared: its similarity to one of the 7 hridi compounds 
(VIIa) is clear 





HN HN 
' 
VW ‘\N* 
st Ww 
cy 4 H, 


Me}Cl 
(VIile.) 


By reaction of m-nitrobenzaldehyde with (I) and cyclisation of the resulting Schiff's base (or, 
better, by reaction of equimolecular amounts in acetic acid-ammonium acetate medium) 
6-acetamido-2-m-nitrophenylbenzthiazole was prepared. This was converted into 6-cyano-2-m- 
cyanophenylbenzthiazole by conventional reactions and thence into the corresponding diamidine 
The quaternary salt 6-amino-2-m-aminophenylbenzthiazole methochloride was also synthesized. 

The work of Browning ef al. (Joc. cit.) was concerned in part with the trypanocidal action of 
certain styryl-benzthiazoles and we originally intended to prepare 6-amidino-2-p-amidino- 
styrylbenzthiazole. The dinitrile corresponding to this substance is described (see p, 3340), but 
the final stage could not be attained before the work had to be abandoned. 6-Cyano-2-methy!l- 
benzthiazole, required for this preparation, was obtained by two routes: (a) from 2-methyl- 
benzthiazole (Kiprianov et al., ]. Gen. Chem. Russia, 1936, 6, 232; Chem. Abs., 1936, 30, 4859) 
by nitration, reduction (Browning ef al., loc. cit.), and Sandmeyer reaction; and (6) from 
2 : 5-diaminopheny!thiosulphuric acid by reaction with acetic anhydride to give 6-acetamido-2- 
methylbenzthiazole, followed by hydrolysis and Sandmeyer reaction (cf Green and Perkin, 
J., 1903, 83, 1201) 


; HO,S‘S/ )N HS” \NiH 
(VILL) fn Iss HN. Iszeon (|X) 
/ 27 


NONM-CUNH)NH, 


yy’ 
. J >’ b 
CNH, conn€ YY Y ‘onnd 
Y HN Vy Ww 4 
(XI) (X.) 


In view of the known antibacterial action of guanidines and, further, of the statement 
(Safin, Kushner, Brancone, and Subbarow, ]. Org. Chem., 1948, 18, 924) that p-phenylenedi- 
guanidine possesses curative properties against Trypanosoma equiperdum in mice,’ we prepared 
some guanidines in the benzthiazole series. Acid reduction of 2: 5-diaminophenylmonothio- 
sulphuric acid (I) gave 2: 5-d thiophenol (isolated as the zinc salt) (Green and Perkin, 
loc. cit.). On condensation of this compound with dicyandiamide (Smith ef al, ]. Amer. Chem 
Soc., 1931, 58, 4103) 6-amino-2-guanidinobenzthiazole was obtained. A similar reduction of 
2 : 5-diaminophenyl-1 ; 4-bisthiosulphuric acid (VIII) (Green and Perkin, loc. cit.) gave the 
zinc salt (IX) of 2: 5-diaminodithioquinol from which, by reaction with dicyandiamide, 
2° : 2’ -diguanidinodithiazolo(4’ : 5’-1 : 2)(4" : 5-4: 5)benzene (X) was obtained. The bisthio- 
sulphuric acid (VIII) also treated with potassium cyanide to give 2 : 2’'-d dithi 
(4° : 5-1: 2)(4" : 6-4; 5)benzene (XI) (cf. Heller, J. pr. Chem., 1924, 108, 257). 

Note on the Structure of the Schiff's Bases (1V.)-~In agreement with Bogert and Taylor 
(loc. cit.) we have assigned formulz of type (IV) to the Schifl's bases obtained by reaction of 
p-phenyh thiosulphuric acid with p-acetamido- or p-amino-benzaldehyde 
A referee has expressed the opinion that anil condensation may occur initially on the unhindered 
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amino-group, the benzylidene group then being transferred during treatment with glacial acetic 
acid and ammonium acetate, ¢.g.. by intermolecular rather than intramolecular reaction, to the 
o-thiol-amino-system. It should be pointed out, however, that precisely similar results are 
obtained from aromatic aldehydes and 4-dimethylaminoaniline-2-thiosulphuric acid (1dem, 
loc. ef.; Bogert and Updike, /. Amer. Chem. Soc., 1927, 40, 1373; see also Heller, loc. cst.) 
We suggest that in compounds of this type neither of these formula is correct and that the 
thiosulphuric acid moiety may be involved in the condensation or reaction with aldehydes 
Some evidence for this view is provided by the following: (a) analysis of the compound (IV; 
K « Ac) and others of the same type not reported here indicates addition of the components 
rather than condensation with elimination of water; (+) whereas 4-dimethylaminoaniline-2- 
thiosulphuric acid reacts immediately with aromatic aldehydes to produce coloured products, 
yet the methy! ester of this acid (Heller, Joc. cit.) will not so react; (c) cyclisation of the so-called 
Schiff's bases (1V) may be effected by boiling them with aniline, p-toluidine or dipheny! ether ; 
(d) s-dimethy|l-p-phenylenediaminemonothiosulphuric acid was prepared and also gave coloured 
products with aldehydes; (¢) during potentiometric titration of the compound from p-dimethvl- 
aminobenzaldehyde and the thiosulphuric acid (1) (dissolved in sodium hydroxide solution) by 
0 Ix-sulphuric acid, the pH increases sharply in the range 8—-9 with slow addition of acid, giving 
a curve very similar to that obtained in the titration of puberulonic acid (Corbett, Hassal! 
Johnson, and Todd, J., 1950, 1) 


EXPERIMENTAL. 
(See also B.P. Appin. 8,680/49 


2-(p- Acetamidobenrylidencamine) -5-amimnophenylittosulphurtc Acid. 2 5- Diamimnophenyithiosul 
phuric acid (110 g.), dissolved in water (1500 mi.) at 90°, was treated with p-acetamidobenzaldehyde 
(81.5 g.) dissolved in alcohol (500 mi.) and the mixture heated with stirring on the steam-bath for 
15 minutes. After cooling, the bright red acid (182 g., m. p. 260°) was filtered off, washed first with 
spirit and then with water, and dred. A little of the product was purified by successive extractions 
with acetone, ethanol, and water, the m. p. rising to 265—266° (Found: C, 470; H, #5; N, 10-7 
CysHt OLN, 5S, HO requires C, 470; H, 445; N, 10-99%) 

6- A cetamndo-2-p-acetamidophenyibensthiasole.—(a) The above acid (180 g.) was boiled under reflux 
for 5 hours with glacial acetic acid (1200 mi.) and ammonium acetate (600 g.)) The mixture was cooled 
and poured into an excess df water, and the crude benzthiazole (120 g.; m. p. 285°) filtered 
off, washed, and dried. Kecrystallisation from glacial acetic acid gave pale yellow crystals 
(m. p. 318-319") (Found: N, 125. C,,H,,O,N,5 requires N, 12-90% 


(b) f Nitrotoluene (100 g.) was converted into p-aminobenzaldehyde by Beard and Hodgson's 
method (Joc. et The mixture was filtered immediately after steam-distillation, and to the hot filtrate 
was added 2 . 5-diaminophenylthtosulphuric aced (110 g.) dissolved in boiling water (1200 m! The 
mixture was made acid with acetic acid and allowed to cool overnight, and the bright red Schiff's base 
(IV; Rew H) (147 g.; m. p. 274°) which separated was removed, washed, and dried. This was cyclised 
and 6-acetamido-2-p-acetamidophenylbensthiacole (111g. m. p. 302-304") isolated as described under (a 
above 


6-Amino-2-p-aminophenylbencthtazole —-The above diacetamido-compound (32-5 g ), water (360 m! 
and sulphuric acid (140 ml; 4 1:54) were heated together in an open beaker until complete solution was 
obtained. On pouring the cooled solution into water (2 1.) the sulphate of the base (28g... m. p Sen 
Cyl, N,S.H,SO,, was precipitated. The free base, liberated from the sulphate by alkali, was — 
by co-cdistillation under vacuum with liquid paraffin and was a pale yellow solid (m i 258") (Found 
N, 17-2. Cale. for CyH,,N,S: N, 174% It is convenient to keep this compound as the sulphate 
because, unless purified as described abowe, the free base rapidly turns dark green in moist air \ 
solution of the base in aqueous alcohol showed strong fluorescence in ultra-violet light 


6. Bromo-2-p-bromophenvibenttinasole —(a) By Sandmeyer reaction. 6-Acetamido-2-p-acetamido- 
phenylbenzthiazole (3-25 ¢.) was brought into solution by heating with dilute sulphuric acid as described 
above The cold selation was diluted with water (25 mi ooled further by addition of ice, and the base 
tetrazotieed at 0. 4° by addition of soxtium nitrite (1-5 ¢ the total volume of the tetrazo-solution being 
#5 mi This was added to a solution of cuprous bromide (15 g.) in hydrobromic acid (70 mi.; d 1-5 
and water at 0 The resulting mixture was kept overnight, then gradually warmed to 90° on the 
steam-bath, and diluted with water, and the solid removed by filtration. Vacuum sublimation of the 
iry resuxiue (5-1 ¢.) gave pale yellow crystals (2-52 213-214") which, after recrystallisation from 
dioxan, were obtained as white needles (a 2172 vend = Br, 42:7. C,,H,NBr,S requires 
Hr, 43.4%, 


(6) By Mere reachon. Sulphur monochioride (80 ml) was run slowly on to p-bromoaniline (10 g 
with stirring. a vigorous reaction ensued and hydrogen chionde was copiously evolved The mixture 
was stirred for 3 hours at room temperature and then for 2 hours at 60-70° (by this time the rapid 
evolution of gas had ceased After cooling, an equal volume of dry benzene was added, and the dark 
green praxduct filtered off. washed with dry benzene, and dried im eacwo. The solid was added to a 
solution of seadiam hydroxide (25 2) and sodium hydrosulphite (dithionite) (10 g.) in aqueous alcohol 
(S00 mi. 30%, FEOH). the bulk disselwed. and the resulting clear solution was decanted trom a small 
amount of tar Addition of a slight excess of a concentrated aqueous solution of zinc sulphate, followed 
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by sufficient acetic acid to give slight acidity, i the zinc salt of 2-amuino- 

(10 ¢.), which was collected, washed with water and alcohol, and dried at 110°. This was 

in glacial acetic acid (400 mi.) and treated with p-tromobenzoy! chloride (10-5 g.), and the muxture boiled 
for 5 minutes. After cooling and pouring into water, 6-bromo-2 ted, 
and was collected, washed first with dilute sodium hydroxide solution then with water, and at lio” 
(m. p. 212-214"; yield 124 g.). ys» a from dioxan raised the m. p. to 217-218", 
undepressed when mixed with the product (a). 


6-Cyano-2-p-cyanophenylbensthiaszole.—({a} The sulphate (28 g.) of the rig pot ony: was 
suspended in water (200 mi), concentrated hydrochloric acid (40 ml.) added, and the mixture cooled 
to 0". Tetrazotisation was effected addition of sodium nitrite (11 g.), after which the solution was 
neutralised (Congo-red) by cautious tion of 50%, sodium hydroxide solution (the temperature being 
kept below 10°). The neutrai tetrazo-solution was ly added to a boiling solution of cuprous cyanide 
(15 g.) and sodium cyanide (30 g.) in water (400 mi.}, boiling being continued for 10 minutes after the 
addition was com lete The brown solid so obtained was filtered off, — dried, and vacuum 
sublimed (200—300°/1 mm.) to give long lemon-yellow needles of 6-cyeno ‘aenstcee nse. 

4 5¢.) a h, after recrystallisation from nitrobenzene, melted at 288 "200" (Found: C 0; HL, 28, 

. 160. C,,H.N,S requires C, 690; H, 2-7; N, 16-19%). 


(b) 6-Bromo-2-p-bromophenylbenzthiazole (9 g.) was treated with on cyanide (4-35 g.) in 
quinoline (36 ml.) according to the procedure of ber ef al. (J., 1947 The yield of vacuum- 
sublimed dinitrile (m. p. 288-289") was 3g.; it was white, and never yellow as prepared by method («) 


6- A midino-2-p-amidinophenylbensthtazole Dihydrochlonide.— The above dinitrile (3 g.) was su’ 
in @ mixture of nitrobenzene (60 ml.) and ethanol (6 ml.), and dry hydrogen chloride was passed t 
the muxture (cooled with ice-water) for 9 hours (the a atus being protected from moisture by means 
of a calcium chloride tube). By this time the solid passed into solution, and this was t at room 
temperature for 3days. The crystalline prec —— of imino-ether hydrochloride which had formed was 
filtered off and treated with saturated alcoholic ammonia (60 mi.) for 24 hours. The crude diamidine 
was precipitated by addition of dry ether, filtered off, and parited by dissolution in dilute hydrochloric 
acid followed by precipitation with an excess of acetone. The uct (2-5 g.) was dissolved in the 
minimum quantity of water = again precipitated by addition of acetone (m. p. > 300"; pale yellow) 
(Found: N, 17-4; 5S, 7-8, CaaHON,S. 2HC12H,O requires N, 17-3, 5, 7-9%). It was also possible 
to recrystallise the compound from 3n- hydrochloric acid. For pharmacological purposes a solution of 
the di-isethionate (assayed spectroscopically) was — essentially by the method described in 
B.P. 559,015 (dioxan beimg used as solvent), Ultra t absorption of the dihydrochloride (in water) 
showed a maximum at 3070 a. (¢ — 30,300). 


6-Amidracono-2-p-amidrasonophenylbensthiazole Drhydrochlonide.—6 -Cyano -2-p-cyanophenylbenz- 
thiazole (1 g.) was mal into its di-imino-ether hydrochloride as described above, and this was 
treated for 3 hours with ethanol (15 ml.) containing hydrazine hydrate (3 ml.; 100%). The product was 
precipitated by addition of ether ont rec lised from dilute bydrochlone acid. The yield was | g 
(m. p. > 360°) (Found: N, 22-5. C,,H,,N,S,2HCI,2H,O requires N, 22.6%). 


6- Amino-2-p-aminophenyibenzthtazole Methochlovide H vdrochlonde.—-6-Acetamido-2-p-acet d 
phenylbenzthiazole (10 g.) was added to nitrobenzene (150 mi.) at 185°, the mixture allowed to cool to 
175°, and methyl! toluene-p-sulphonate (7-2 g) added. The temperature was kept at 170-180" for 
30 minutes, the solution allowed to cool overnight, excess of dry benzene added, and the crude metho- 
taluene-p-sulphonate removed and washed with benzene. Traces of solvent were removed from the 
product by steam-distillation, after which it was — by being refluxed for 2 hours with 
concentrated hydrochloric acid (35 ml.) and water (35 ml.). On cooling the reddish-brown metho- 
chloride hydrochionide (3-5 g., m. p. 332°) crystallised (Found: N, 12-0; Ci, 20-8. C,,H,,N,CIS.HCI 
requires N, 12-8; Cl, 21-6%) 


6- A cetamido-2-m-nitrophenylbencthiazole.__m-Nitrobenzaldehyde (36 g.), 2: 5-diaminophenyithio- 
~~ acid (52-8 g.), ammonium acetate (240 g.), and glacial acetic acid (460 mi.) were boiled under 
reflux for 64 hours, and the mixture allowed to cool, It was then poured into water (1 1.), and crude 
6-acetamido-2-m-nitrophenyibensthiarole (60 g - m. p. 195-—200°) was precipitated; on recrystallisation 
from acetic acid, it was obtained as pale-yellow needles (37 g.; m. p ~208") (Found; N, 13-4 
C,,H,,O,N,S requires N, 13-4%). 


6- A mino-2-m-nitrophenyibensthiazole.— Hydrolysis of the above acetamido-compound (3 g.) by 
heating with sulphuric acid (14 mi; @ 1-84) and water (36 mil.) gave, after recrystallisation from nitro- 
benzene, 6-amino-2-m-mitrophenylbencthiasole (1-5 g.) as orange-coloured needles (m. p. 230°) (Found 
N. 153. C,,H,O,N,S requires N, 15-5%) 


6- A mino-2-m-aminophenylbenzthiasole. —The above nitro-amine (5 g.) was dissolved in hot dioxan 
(100 ml.), and the solation stirred for 10 minutes with a little Raney nickel catalyst. The catalyst was 
removed by filtration, fresh Raney nicke! added to the filtrate, and the nitro-group reduced by hydrogen 
(initial pressure 50 Ib. /sq. in.) at room pe get om The catalyst was removed, and the fluorescent 
dioxan solution diluted with water to 500 ml. to precipitate the diamine. Recrystallisation of the white 
solid eons pale yellow in the air) from dilute ethanol gave paie yellow needles (3-4 g.; m 210°) 
(Found 17-2. C,,H,,N,S requires N, 17-44%). The diacetyl derivative melted at 202° (Found 
N. 128 CH, Os B requires N, 12-9%). 


6-Cyano-2-m-cyanophenylbenzthiarole.—-The above diamine (3 g.) in water (35 ml.) and concentrated 
hydrochloric acid (8 mi.) was tetrazotised at 0—5° by addition of sodium nitrite (1-76 g.), and the 
resulting solution added to cuprous cyanide (3 g.) and sodium cyanide (4 ) in water (60 ml.) at 20°. The 
mixture was kept for 2 hours, then slowly raised to the boil; the crude dinitrile was removed, and 
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ified by two vacuum sublimations to give pale yellow needies (0-5 g.; m. p. 226-227") (Found : 
N. 150. ©,,H,N,S requires N, 16-05%). 

6- A midino-2-m-amidinophenyibensithiazole Dihydrochlonde —The foregoing dinitrile was converted 
imto the diamidine dihydrochloride by the general method used for the p-isomer (but with dioxan as 
solvent for formation of the imino-ether), but the salt was not obtained analytically pure 


6 Amino t-m-aminophenylbenstthasole Methochloride Hydrochlonde.—6-Acetamido- 2-m-acetamuido- 
phenylbenzthiazole (3 g ) was methylated with methyl toluene-p-sulphonate (2:16 g.) in nitrobenzene 
(45 mi.) at 180-190" (1 hour}. After cooling and addition of benzene, the crystalline methotoluene-p- 

Iphonate was isolated and dissolved in boiling water (70 ml), and traces of solvent removed by steam- 
distillation. Concentrated hydrochloric acid (20 mi.) was added to the solution, which was then 
evaporated to 40 mi, cooled, and treated with ammonia solution (ca. 1} ml.; d 0-88) until it gave a 
faintly acid reaction (Congo-red). On being kept, the methochloride hydrochloride (1-2 g.) crystallised, and 
was recrystallised from methanol to give dark green needles (1) g.; m. p. 307-308") (Found: N, 12-9; 
CL, 20-7. CyHyN,CIS.HCI requires N, 12-8; Cl, 21-6%) 


6-C yano-2-methyibensthiasole..2 | 5-Diaminophenyithiosulphuric acid (22 g.), acetic anhydride 
(20 ml), and acetic acid (50 mi.) were boiled under reflux for 7 hours, the mixture was diluted and 
neutralised, and the product so precipitated recrystallised from water to give 6-acetamido-2-methyl- 
bensthuazole (07 g.), m. p. 154°. Hydrolysis of this with 20% sulphuric acid gave 6-amino-2-methyl- 
benzthiazole (5-8 g.), m. p. 127-128", identical with that a my by nitration and then reduction of 
2 methylbenzthiazole amino-compound (5 g.) was dissolved in a mixture of concentrated hydro- 
chioric acid (10 mi.) and water (24 mi.), and diazotised with sodium nitrite (2-2 g.) in water (10 ml.). The 
clear diaso-solution was neutralised and added to a solution of cuprous cyanide (2-5 g.) and sodium 
cyanide (3-4 g.) in water (60 ml.) at room temperature, after which the mixture was heated for 30 minutes 
on the steam-bath. In this way a black solid (6 g.) was obtained, giving 6-cyano-2-methylbenzthiazole 
(3 ¢.) on vacuam sublimation. This formed white needles, m. p. 144°, from ethanol (Kiprianov ef ai, 
]. Gen. Chem, Rusna, 1045, 16, 200, Chem. Abstr., 1946, 40, 2309, give m. p. 135") (Found: N, 16-2 
Cale. for CJH,N,S : N, 16-19%) 

6-C yano-2-p-cyanostyrylbensthiazole. —-6-C yano-2-methylbenzthiazole (0-87 g.) and pf-cyanobenz- 
aldehyde (0-66 g.) were heated under reflux in boiling acetic anhydride (2 ml.) for 6 hours. The mixture 
was cooled and diluted with ethanol, and the pale yellow solid removed by filtration. Kecrystallisation 
from ethyl benzoate aren yellow needles (ca. 1 g.) of the dinitrile (m. p. 281-283") (Found : N, 14-5 
C,,HN,S requires N, 14-6%) 


Zime Salt of 2: 5-Diaminothiophenol.——2 . 5-Diaminophenylthiosulphuric acid (10 g.), dissolved in 
water (200 mil.), was treated at 25° with concentrated hydrochloric acid (46 ml.) and zinc dust (12 g.) 
When effervescence had ceased, the mixture was heated for 30 minutes in a boiling-water bath, filtered, 
and the rime salt precipitated from the filtrate by addition of concentrated aqueous sodium acetate 
solution. The product (02 ¢.) was isolated by filtration, washed, and dried to give a white powder 
becoming blue in moist air (Found: N, 120, Zn, 266. C,H,N,S,ZnOH,4§H,O requires N, 12-2; Zn, 
282%) 

6. Amino-2-guanidinobensihiasole._The above zinc salt (3-4 g.) was dissolved in a mixture of spirit 
(3) ml.) and concentrated hydrochloric acid (8 mi.), and to the solution was added finely powdered 
dicyandiamide (1-8 g.). The mixture was vigorously stirred and heated for 15 minutes on the steam-bath 
The solid passed into solution and then a heavy white or er appeared, which was removed from the 
cold mixture and recrystallised from n-hydrochioric acid (50 ml.) to give 6-amino-2- nidinobensthiazole 
dihydrochloride (2-5 g.) as white needles (m. p. 317") (Found N, 25-2; Cl. 242. C,H,N,S,2HCI — 
N, 260; Cl, 263%). The free Jase, obtained from an aqueous solution of the dihydrochloride by 
precipitation with alkali, recrystallised from dioxan as white needles (m. p. 260—261°) (Found: N, 33-5 
C,HN,S requires N, 33-8%) 

2 . 2°. Diguanidinodithiazole(4’ | 5-1. 2)(4" 5-4: Sbenzene Dihydrochloride.--The inc salt of 
2: 6-diaminodithioquinol (IX, Green and Perkin, loc. cit.) (1-2 g.), spirit (20 ml.}, concentrated hydro- 
chlorite acid (5 ml), and dicyandiamide (0-85 g.) were treated as described above for the monoguanidino- 
compound. The diaydrochloride (X) recrystallised from water as greenish-yellow needles (m. p. > 360° ; 
06 ¢) (Found: N, 27-1; C1 17-3. C,H, N,S, 2HCI2H,O requires N, 26-96; Cl, 17-1%) 

2 2" Diaminodithiasolel 4’ : W124": 5-4: B)benzene Sulphate.The potassium salt of 2 : 5-di 
aminophenyl-1 . 4-bisthiosulphuric acid (8 g.) was dissolved in water (12 mi.), and to the solution was 
ukied recrystallised potassium cyanide (4g) in water (6 ml.) The mixture was stirred for one hour, 
kept for 2 hours, and filtered, and the residue washed with water and dried to give the pale yellow 2 ; 2’- 
liaminedithiazgolobenzene (3 ¢.; m. p. > 360") Recrystallisation from 3n-sulphuric acid gave the sui- 
phate (m. p. >360") (Pound C, 20-9; H, 22; N, 17-7. C,H,N,S,H,SO, requires C, 30-0; H, 2-5; 
N, 17-56%) 


We thank Dr. G. M. Dvsen for his interest in this work and for the suggestion, which started this 
proie t, that 6-amidino-2-p-amidinophenylbenzthiazole should be prepared; also the Analytical 
Yivision of this Company for all analyses and absorption data, and Mr. J. A. Coombs for experimental 
assistam ec 
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653. Some Potential Trypanocidal and Antibacterial Compounds 
in the Heterocyclic Series. Part 11. 


By J. D. Bower, F. F. Srerwens and D. G. Winpraiey. 


Tnamidine salts in the 2-phenyl-benzoxazole, -benziminazole, and -quinoline series and a 
monoamidino-2 . 3-diphenyiquinoxaline have been prepared. The trypanocidal activities of 
these compounds are descmbed. 


Tue only compound showing significant trypanocidal action among those described in Part I 
(preceding paper) was 6-amidino-2-p dinophenylbenzthiazole and we considered it of interest 
to prepare, among other compounds, the corresponding benzoxazole and benziminazole 
derivatives. It was not expected a prior: that the diamidino-2-phenylbenzoxazoles would show 
markedly different action from the equivalent benzthiazoles, but in the case of the benziminazoles 
it seemed possible that the existence of the mesohydric tautomeric system (Hunter, J., 1945, 
806) might considerably increase the activity (cf. Schénhéfer, Z. physiol. Chem., 1942, 274, 1, 
regarding antimalarial drugs) 

Synthetical methods for the extension of the work reported in Part I into the benzoxazole and 
benziminazole series have already been reported (Stephens and Bower, J., 1950, 1722), and 
5-cyano-2-p-cyanophenylbenzoxazole (idem, sbid.) was converted into the corresponding 
diamidine by the usual Pinner method. On reaction with cuprous cyanide, 6-bromo-2-p-cyano- 
phenylbenzoxazole (idem, bid.) was easily transfermed into 6-cyano-2-p-cyanophenylbenz- 
oxazole, and the diamidine prepared therefrom. Aqueous solutions of salts prepared from these 
two diamidines were unstable, being decomposed with precipitation of solid on boiling, and the 
preparation of analytically pure salts was difficult 

5(6)-Cyano-2-p-cyanophenylbenziminazole (idem, ibid.) was easily converted into the 
diamidine, and this, as the dihydrochloride, was found to be one of the most stable substances of 
the series (aqueous solutions could be boiled apparently indefinitely without decomposition and 
the compound was easily recrystallisable from water). The corresponding diamidrazone was pre- 
pared as described in the benzthiazole series (Part I), and so was the 2-m-amidinopheny] isomer 
For the latter purpose m-cyanobenzaldehyde was required, and attempts to prepare this com- 
pound by Slotta and Kethur’s method (Ber., 1938, 71, 59) gave a product contaminated with 
3-chlorobenzaldehyde (indeed, this is to be expected; cf. Org. Synth., Coll. Vol. 11, p. 132). The 
aldehyde was prepared in poor yield by Reinglass’s method (Ber., 1891, 24, 2416), and it reacted 
with 4-cyano-o-phenylenediamine to give a Schiff's base (compare the behaviour of p-cyano- 
benzaldehyde , Stephens and Bower, loc. cit.), which was oxidised by lead tetra-acetate to produce 
5(6)-cyano-2-m-cvanophenylbenziminazole 

5(6)-Amidino-2-p-amidinophenylbenziminazole dihydrochloride was considerably more 
active as a trypanocide than any of the diamidines in the benzthiazole or benzoxazole series and 
it appeared of interest to attempt to decide if this was due to the tautomeric iminazole system. 
For this purpose the nuclear imino- was replaced by the methylimino-group, 5-cyano- and 
6-cyano-1-methyl-2-p-cyanophenylbenziminazole being prepared and converted into diamidines 
Direct methylation of 5(6)-cyano-2-p-cyanophenylbenziminazole, which would probably give rise 
to a mixture of the isomers, was attempted by means of (i) methy! sulphate, (ii) formic acid and 
formaldehyde, and (iii) methyl iodide with sodamide in liquid ammonia. As these methods 
failed, the two dinitriles were synthesized separately. Catalytic reduction of 4-methylamino-3- 
nitrobenzonitrile (Mattaar, Rec. Trav. chim., 1922, 41, 24) to 3 4-methyl benzonitrile, 
followed by condensation with p-cyanobenzaldehyde, produced 5-cyano-2-p-cyanophenyl-1- 
methylbenziminazole. Attempts to prepare 3-methylamino-4-nitrobenzonitrile from 3-bromo- 
4-nitrobenzonitrile by reaction with methylamine in a sealed tube, as in the case of the isomer 
(Mattaar, loc. cit.), gave only very poor yields of the desired compound. The bromo-compound 
was recovered unchanged after it had been heated with methylamine hydrochloride, a method 
used by Phillips (/., 1930, 2400) for the preparation of 3-methylamino-4-nitrophenylarsonic acid 
This replacement was effected in moderate yield by heating the bromo-compound with methy!- 
amine hydrochloride and sodium hydrogen carbonate in pyridine (Campbell, J. Amer. Chem. Soc , 
1949, 71, 740). Catalytic reduction of 3-methylamino-4-nitrobenzonitrile gave 4-amino-3- 
methylaminobenzonitrile, which was condensed with p-cyanob Idehyde to produce 6-cyano- 
2-p-cyanophenyl-1-methylb i i 

An obvious extension of this work was the preparation of 6-amidino-2-p-amidino- 
phen) Iquinoline. Pfitzinger reaction between 5-bromoisatin and 4-bromoacetophenone (cf 
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Lindwall, Bandes, and Weinberg, J]. Amer. Chem. Soc., 1931, 58, 317) produced 6-bromo-2-p- 
bromophenylicinchoninic acid which, by reaction with cuprous cyanide, was converted into 
6-cyano-2-p-cyanophenylquinoline and thence into the required diamidine 
A monoamuline of the quinoxaline series, 6-amidino-2 : 3-di-p-aminophenylquinoxaline, 
was obtained by condensation of 4-cyano-o-phenylenediamine with 4: 4'-<liacetamidobenzil 
(Gee and Harley-Mason, ]., 1947, 251) and thence by conventional reactions. The reason for 
preparing this compound was that several trypanocidal drugs (¢.g., the phenanthridinium type) 
have for their broad structural plan two aromatic amino-groups disposed about a central 
quaternary nitrogen atom, carrying a positive charge, and we were interested to see if activity 
could be obtained when this charge was associated with the amidine group rather than with 
nitrogen 
2-Guanidino-5(6)-nitrobenziminazole hydrochloride was prepared for antibacterial 
examination 
Trypanocidal Action.—-The activities of some of the comfounds described in this and the 
preceding paper are summarised below. The tests were carried out on mice by Mr. J. Kershaw, 
to whom we are indebted for the following data 
T.equiper- T. rhodes- T. com 
dum tense golense 
Compound LP. SC. LP. S.C. LP. SA 
6- Amidino. 2-p-amidinophenylbenzthiazole di-isethionate ’ 2 2 
6- Amidino- 2--amidinophenylbenzthiazole dihydrochloride I I 
6 Amino-2-m-aminophenylbenazthiazole methochioride hydrochloride 6 
6 Amidino. 2-p-amidinophenylbenzoxazole dihydrochloride j 
5(6)-Amuidino-2-p reas en oe em dihydrochloride 
5(6). Amidrazono- 2-p-amidra: henylbenziminazole dihydrochloride 1 
5(6)- Amidino- 2-m-amidinophenylbenziminazole dihydroc hionde I 
5- Amidino-2-p-amidinopheny!.- |. methy!benziminazole dihydrochloride 1 
6- Amidino- 2-p-amidinopheny!-1-methy!benziminazole dihydrochloride | 
6- Amidino-2-p-amidinophenyiquinoline di-isethionate 2 
6-Amidino-2  3-di-p-aminophenyiquinoxaline isethionate 0 
LP Intraperitoneal S$. Subcutaneous 
© « No activity. | « Life of anima! prolonged for less than one month when highest possible 
single dose administered. 2 Therapeutic index <5. 3 = Index 6-10. 4 = Index 10-20 
5 Index SO 
* Toxicity L.D.5O (mg. '¢.) 0-16. Curative activity C.D. (mg. /g.) 0-004 


Peed 


> 


It would appear from these results that the superior trypanocidal activity of 6-amidino-2- 
p-amidinophenylbenziminazole is related to the tautomeric iminazole system 


EXPERIMENTAL 


6-C yano-2-p-<yanophenylbenisosazole —6-Bromo-2-p-cyanophenylbenzoxazole (25 g) and cuprous 
cyanide (0-8 g.) were intimately mixed and added to boiling quinoline (10 mi.). The mixture was 
botled under reflux for 35 minutes, then cooled, the quinoline dissolved in 2n-hydrochlone acid, and the 
crude demstrile filtered off. After being washed and dried, it was vacuum — and the sublimate 
recrystallised from benzonitrile to give white needles (1:62 ¢ m. p. 245°) (Found , 73-8; H,30; N 
168. C,,H,ON, requires C, 73-5; H, 2-0; N, 171%) 


5(6)-Cyane-2-m-cyanophenylhensiminazole —m-Cyanobenzaldehyde (15 g m. p. 80-81") and 
4-cyano-o phenylenediamine (1-5 ¢.) were boiled together in glacial acetic acid (15 ml.) for 5 minutes 
Addition of water precipitated a bright yellow solid (2-1 g.) which, after being dried, was oxidised with lead 
tetra acetate (3-8 g.) in glacial acetic acid (20 mi The d: nitrile was isolate di by or a and recrystal 
lised from benzonitrile in fawn needles (1 g.; m. p. 255-256") (Found: N, 22-2 rH, N, requires N 
22.0% 

3 terme 4 methylaminohbenromirile 4-Methylamino-3-nitrobenzonitrile (5 g.) was suspended in 
ethanol (100 mi.) and reduced by hydrogen in the presence of a platinum-charcoal catalyst (9% of 
platinum Evaporation to dryness of the catalyst-free solution, followed by extraction of the resulting 
solid with water, gave a very pale fawn solid (3-5 ¢.; m. p. 140-141") which recrystallised from water as 
slender white needles (m. p. 140-—141") (Found. C, 657; H,63. C,H,N, requires C, 65-3; H, 61% 


5-C yano-2-p-cyanophenvi-l-methylbennemnasole —The foregoing minnie (2-0 g) and p-cyanobenz 
aldehyde (1-8 @ ) were added to glacial acetic acid (20 m! The solution was boiled for 5 minutes, cooled 
and poured inte water, and the dinitrile (2 2 2 ollected. dried. and recrystallised from nitrobenzene, giving 
fawn needles (1:3 « m. p. 263-5.—266-5") (Found: C, 73-9; H. 43. C,,H N, requires C, 74-4: H 
30% 

3. Bromo. 4-mttrohbenronsteve - -3- Bromo-4-nitroaniline (18 ¢ sulphuric acid (36 ml d@ 1-84), and 
water (36 mi.) were heated unti! the solid dissolved, diluted with water (240 ml and cooled The 
precipitated base was diazotised by addition of sodiram nitrite (6 g.) in water (30 ml.) at O°, after which the 
cooling bath was removed and the mixture allowed to reach room temperature (with stirring) during 2 


hours The diaso-solution was filtered and added to sodium cyanide (80 g.) and cuprous cyanide 
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(40 g.) in water (800 mi.) at 1 The resultant mixture was heated to 90° in a steam-bath and cooled, 
and the product filtered off. Recrystallisation from aqueous alcohol gave yellow needies (10 g.; m. p 
104") (Found: N, 12-1. Cale. for C,H,O.N, Br: N, 12-49,) 

3. Methylaminc-4-nitsobenzominiie —3-Bromeo-4 b trile (10 g.) and sedium hydrogen 
carbonate (10-6 g.) were added to pymdine (64 mi.), and to the mixture was added methylamine bydro 
chloride (5-3 g.) dissolwed in the munimum quantity of hot water. The mixture was — under reflux 
for 10 hours and filtered hot, and the residue washed with acetone. he acetone—pyridine 
filtrate and dilution of it with water, the required sitrile (3-75 g.; m. p Hy Aare i was isolated as bright 
red needies (Found: N, 23-2. C,H,O,N, requires N, 23-7%) 

4- A mino-3-methylammobensonstrile —3-Methylamino-4-nitrobenzonitrile (1-75 g.) was reduced in 
ethanol (60 mi.) by bydrogen in the presence of a 10% platinum-charcoal catalyst to give white plates 
(1-35 g.. m. p. 120-130°) from water (Found N, 29 C,H N, requires N, 25-6%) 


Analysis 
note ee 
Found, Required, 

oe 





Urystn oe 
Amudine >alt analysed solvent N a N. CG 
5- Amidino-2-p-amidine wl ,ON, 2C.H,SO,H(p) I1M.S.* ind 1h? 
Phenyibenzsoxazole 
6- A midino2-p-amidine li pON, 2HCLIH,O Dil. HCI 17-2 
phenylbenzosarole 
6 Amidino-2-p-amidino wi,ON, 2C,H, SOW H,O 
hen ylbenzoxasole 
5(6)- A midino-2-p-amidino- oll, 2HCL SHO H,O 
phenyibensiminazole ' 
5(6)- A midrazono-2-p uh, 2ZHCLAH LO H,O 
amidrasonophenyibens 
tminazole * 
5(6)- Amidtno-2-m-amidine vl, 2HCLAHO Dil, HCI ws 
phenylbensiminazole * (decomp } 
5 Amidino-2-p-amidino vl NS, THCLAHO tnt. HC] 306 we 
phenyl l-methylbens 
smimarcle * 
-Amidino-2-p-amidino yelt, N, 2HCLIHY) HO 315-317 
phenyl l-methyiben: 
tmminasole * 
-Amidino-2-p-amidino yr Hy N, 2C,H,ySO,H(p) 2H,O HO ws 
Phenviquimoline 
3-Di-p-acetamido- ostl ON, HCL3SHO H,O 245 
phenyl ammidinoguinos ott,O YN, HCI 264 
aline 
Amidino-2  3-dt-p-amino- C,,H,.N, 2H, ¢ leo 
phen viquinorsaline 


* Industrial methylated spirit ¢ Free amidine-base 

Ultra-violet absorption of aqueous solutions of salts showed maxima as follows 

* 3130 4. (¢ — 33,080); 25804 (¢ =~ 20.350), * 3150. (e = 34,000), * BOBD a. (¢ — 27,500) 
* 3000 4. (¢ = 19.800); 25304 fe = 26.660) * WOO a. (ec = 25,260). 


6 ( yano-2-p-cyanophenyl-1-methyibenziminasole The foregoing nitrile (1-35 g.), p-cyanobenzaldehyde 
(1-2 «), and glacial acetic acid (20 mi.) were boiled together for 5 minutes. Dilution with water gave a 
gum whic h on being stirred rapidly changed to a solid and on gar ee from ethanol gave the 
dinitrile (2-12 g.; m. p. 241-—242°) as white needles (Found : N, 21-0. C,,H,.N, requires N, 21-7%) 


6 Bromo-2-p-bromophenyloinchoninic Acid._5-Bromoisatin (23-2 g.), sf bromoacetophenone (23-2 g.) 
ethanol (125 ml), and aqueous potassium hydroxide solution (62 ml o) were boiled together under 
reflux for 10 hours, after which the mixture was steam-distilled to remove unchanged bromoacetophenone 
After cooling, the solid was filtered off, suspended in water, and acidified with hydrochloric acid. The 
= ipitate was collected and washed first with water, then alcohol, and finally acetone (to remove 
wromoisatin), and dissolved in 2N-sodium hydroxide solution. Filtration and acidification of the filtrate 
with sulphuric acid gave the pale yellow acid (30 g.; m. p. 270-280"). Recrystallisation from acetic 
acid gave pale yellow needles (m. p. 279-260") (Found: N, 3-24; Br, 37%; Br > N= 2:1 
C ,.H,O,N Br, 4CH,-CO,H requires N, 3-2; Br, 36-6%) 


6-Cyano-2-p-cyanophenylquimoline.— This c we eg was obtained in poor yield by treating the above 
dibromo-acid with cuprous cyanide and quinoline (a) as described under 6-cyano-2-p-cyanopheny! 

benzoxazole and (b) by the method of U.S.P. 2,195,076. Crystallisation from acetic acid and vacuum 
sublimation gave colourless needles (m. p. 200°) (Found: C, 864; H, 35. C,,H,N, requires C, 80-0 

H, 3-5%). 

2 3-Di-p-ecetamidopheny!-6-cyanoquinoxaline.—4-Cyano-o-phenylenediamine (1-5 g.) and 4 4°) 
acetamidobenzil (3-6 g ) were heated together in beiling glac acetic acid (9) mi.) for 15 minutes, and 
the crude guimoxaline (3-8 g.) isolated by dilution with water | ewe from 50% acetic acid 
gave pale yellow needles (m. p. 198-199") (Found: N, 163. C,,H,,O.N, requires N, 166%) 
Hydrolysis with 10% sulphuric acid gave 2 3-di-p-aminophenyl-6-c yanogwinozalene orange needles 
m p. 280—282° (from aqueous dic xan) (Found bos art, .%, requires N, 20-8%) 











3544 Notes. 


Amidenes and Amidrasone The salts and the amidine and amulrazone detailed in the table were 
prepared by the general Pinner method as described in Part | (preceding paper), nitrobenzene, dioxan, or 
ethanol being used as solvents for the tom of the umimo-ethers. All the amidines gave a 
positive Faller reaction (Nature, 1944, 184, 773), and the ps meget a bright yelow poovesete in 
this test (as did the amidrazone prepared in Part 1). The amidine hydrochlorides appeared considerably 
to reduce the surface tension of water, in which they were very solu 

2-Geanidino-5(6)-nitrobensminasole Hydrochloride This compownd was obtained from 4-nitro-c- 
phenylenediamine by the method described in Part | as yellow-brown needies (m. p. 197-198") irom 
dilute hydrochloric acid (Pound. N, 31-3; Cl, 131. C,H,O.N,C1.§H,O requires N, 31-64; Cl, 13-4%). 


We thank the Pharmacology Department for testing the compounds, the Analytical Division for all 
analyses, and Mr. J. A. Coombs for experimental assistance 


Freow's Reseancn Laporatourns, 
LovGHsosrovucn, Letcestersmixe Recewed, July 26th, 1950 


NOTES. 


Colour Tests. Part ll.* A Characteristic Test for 2-Methyl-4-pyrones 
Ihy ALeXanpeR ScnHOnmerc and ALY Sina 


Tue colour reaction of certain 4-pyrones with potassium hydroxide (SchOnberg and Sina, J]. Amer 
Chem. Soe 1950, 72, 1611) has now been ctedied ia detail. Only 2-methy!-4-pyrones not contaiming a 
phenolic hydroxy! group give a positive reaction (red-violet colour). Derivatives of 2-ethy!- and 
y propy!-chromone may develop other colours. The test is suitable for use on the micro-scale 


The result of the test is independent of the presence of oxygen, whilst the violet products are stable 
only im very concentrated alkaline medium, in which they are not very soluble and form flocculent 
precipitates. On the addition of a large amount of ice-water the colour disappears in about 2 minutes, 
with regeneration of the original 2-methyl-4-pyrone (possibly with small amounts of hydrolysis products). 
Some compounds enumerated in the table, ¢.¢., khellin, were tested by using barium hydroxide instead of 
potassium hydroxide, but no colour was produced 


Ewpertmental..The test was carried out as previously described (Schénberg and Sina, loc. cit) 
Compaen sparingly soluble in water were dissolved in 50% alcohol. With 2-methyl-5 6-benzchromone, 
which us very sparingly soluble in cold alcohol, the test was carned out as follows: potassiom hydroxide 
pellets were placed in a glass evaporating dish on a boiling-water bath for 2 minutes; then, without 
removal of the dish, a hot solution of the chromone (10 mg.) in »-propyl alcohol (2c ¢.) was added; a 
red. vielet colour developed within 4 minute 


Compounds giving a positeve test 


2. 6 Dimethylpyrone * Ethoxy-2-methyichromone.* 
3-Chiore-2 6-dimethyichromone ' S-Dimethoxy-2-methylichromone * 
6-Chioro-2  3-dimethyichromone ' isnagin (natural and syathetic)*** 
2 3. Dimethyichromone * * 7-Dimethy!-3-ethyichromone ' 
2. 6-Lumethyichromone Propoxy-2-methylichromone * 

7-Dumethvichromone 2-Methyl-5  6-benzchromone * 
7-Methoxy-2-methylchromone * Kheliim.* * 

hioro-2-methyl-3-ethyichromone.' 5. & Diethoxy-2-methylfurano(3’ . 2'-6 - 7)chromone.’ 

2:3. 7-Trmethyichromone.' 5: &Dicarbomethoxy-2-methyifurano(3’ - 2°-6 : 7)chromone.’ 


Compounds giwing @ negative test 


Koji acid * 6-Chioro-3- methyl-2-ethy! 
Chromone * ' chromone.** 
3-Methykchromone Norkhellin * Benzylnorkhellin 

6 Methylchromone * 2-Ethylnorvisnagin **" 3-Dimethyichromone oxime. 
7-Hydroay-2-methyk hromone Flavone 2-Styrvl derivative of khellin.* 
Norvisnagin ' 2-Ethylinorkhellin * * 3- Benzy!-2-p-methoxystyryl-7’ 
S&S §-Dihvdroxy 3 methyl 2-Benzyichromone methyichromone 


furano(3’ 2-4 T)chromone’ 2-«-Propylnorkhellin * * 


§- Benzflavone 
Phenylnorkhbellin.* 


06 06 05 a2 


‘ In 50% aleohol. *° In »-propyl alcohol * The compound gives a weak brownish-red colour 
* The compound gives an orange colour which faded quickly * The products of alkaline hydrolysis of 
y-pyrone do not give the colour test * SchOnberg and Sina, loc cit. * SchOnberg and Sina, /. 

Sec, 1060, 72. 3306 


Stability of the violet compounds obtained from Ahellin and from 2 6-dimethyipyrone. A test-tube 
is 1S om) was one-third filled with potassium hydroxide pellets, and a solution of the 4-pyrone 
Ol g.) in water (2 « was poured in A deep-violet precipitate was formed (slowly with 2. 6-d)- 
methylpyrone and almost immediately with khellin When the tube was sealed this colour persisted 


for more than two weeks, with 2 6-dimethylpyrone it gradually became brownish-violet 


* J.. 1968. 766 is considered to be Part I of this seres 
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Regeneration of hhellon from the violet reaction a wth potassium hydromde Finely 
CS ee ee Sears ee eae Od Sa tassiam hydroxide pellets (20 g), and the 
mixture shaken for 3 minutes without cooling The vistet was collected on a wide sintered-glass 
funnel, quickly covered with dry ether, transferred to a dry mortar containing dry ether, and pulverised 
under dry ether. The supernatant ether was decanted off and the solid again washed with et 
violet compound in dry ether (30 cc.) was shaken with ice-water (20 ¢.c.), ee ee ee was 
separated, and after being washed with water was ev aporated to dryness, leaving a residue ( g.) of 
khelliin (mp. and mixed m p.). The yield was low as no attempt was made to recover the violet product 
adhering to the potassium hydroaide pellets. The aqueous layer on acidification with hydrochloric 
acid did not give a deposit and its yellow colour persisted. 


Preparation of 3-methyichromone, o-Hydroxypr 
formate (25 c.c.), and an ethereal suspension of sxhio ; 
—- being controlled by external cooling vr= ye When the reaction had 


ester (10 c.c.) and then powdered sodium (1 g.) were added, and 
10 minutes. Next day, ice and water were carefully added 
washed twice with ether, and, after removal of traces of this solvent, acidified with acetic acid 
product was extracted with ether, washed with water, and dried (Na,SO,). The oily residue obtained on 
evaporation of the ether was dissolved in concentrated sulphuric acid (8 c.c.), and after 15 minutes this 
solution was diluted with ice-water. The 3-methylchromone recrystallised from a mixture of a small 
amount of acetone and much light petroleum (bp. 60-—-80") and then from light petroleum, as colourless 
crystals, m 69°. Ditheoulty was expenenced im preparing this chromone by Mentzer and Meunier's 
method (Bull. Soc. chim., 1944, (v', 11. 302), who gave m. p. 68". 


Preparation of 2-bencylnorkhellin. Khellinone (Spath and Gruber, Ber., 1938, 71, 106) (4 ¢.) was 
dissolved in ethyl phenylacetate (20 g.) and c« by gradual addition of powdered sodium (2-5 g.) 
in dry ether as described above. The oily diketonme obtained on acidification with dilute mde oe hlone 
acid, thickened when kept, and was —s by decantation, washed with water 

it solidified; the solid cryetalined tr 





(30%) for 30 minutes, and the solution diluted with water and neutralised with sodium carbonate 
separated solid was washed with water and crystallised twice from alcobol and finally from benzene ; 
it formed almost colourless crystals, m. p. 148° (Found: C, 71-2; H48. C,H,.O, requires C, 71-4, 
H, 48%). Sulphuric acid gave an orange solution 


Preparation of 7 &-dimethory-2-methyichromone. 2-Hydroxy-3 : 4-dimethoxyacetophenone (David 
and Kostanecki, Ber, 1903, 36, 125) (2 g.) was condensed with ethy! acetate (6 ¢.c.) in the presence of 
powdered sodium (2 g_) as previously described. The product, after extraction with ether and cyclisation 
as above, yielded 7 S-dimethoxy-2-methyichromone, which after recrystallisation trom light Troleum 
(b. p. 606—80") had m. p. 102°. Blumberg and Kostanecki (Ber., 1903, 36, 2191) give m. p. | 


The authors are indebted to Mr. R. Azzam for a gift of some chemicals. —Fovap | Univexsiry, 
Facurry or Scrance, Carro, Eovet. (Received, June Sth, 1950.) 


The Condensation of Aromatic Amines with Ethyl a-Chloro-a-formylacetae, By D. A. H. Tayton, 


MENTZER (Compt. rend., 1946, 222. 1176) states that when ethyl «<hloro-e-formylacetate is heated with 
aniline, a substance, m. p. 82°, is formed, to which he ascribes the structure ethy! indole-3-carboxylate 

The author required indole-3 | 4-dicarboxylic acid, and Mentzer's method seemed to present a convenient 
one for preparing it. However, when two molecular proportions of methy! m-aminobenzoate and one of 
ethy! chioroformylacetate were heated at 190° in an oil-bath, the reaction was very different in character 
from that between chloroacetone and aniline. Water was seen to be lost, but the mixture remained 
pale in colour, and no exothermic reaction oceurred. On cooling and scratching the product under 
dilute hydrochloric acid, it crystallised readily, and on recrystallisation from benzene had m. p. 136° 

Analysis showed, however, that it was not the expected product, but ethy! (-carbomethoxyanilino- 
methylene)chloroacetate (1) 

m-MeO,C-C Hy NH-CHOCCICO,Et 
(L.) 


Repetition of Mentzer’s work with aniline and p-toluidine gave compounds agreeing in melting point 
with those which he records, but of which the analyses agree with structures analogous to (I), The only 
analysis which Mentzer quotes is a nitrogen value for the p-toluidine derivative, and this agrees equally 
well with both structures. Evidently the halogen atom in the ester is not sufficiently reactive to react 
with aniline, which is usually the first stage of the synthesis of indoles from halogenated ketones. This 
is im agreement with the fact that chloroformylacetic ester is not lachrymatory 


Experimental — Ethyl (m-~<arbomethoxyanilinomethylene)chloroacetate. Methy! m-aminobenzoate (38g , 
2 mol.) and ethyl «-chloro-e-formylacetate (15 g., 01 mol.) were heated in an oil-bath at 100° for 
15 minutes. After cooling, water (100 ml.) and concentrated hydrochloric acid (20 mi.) were added, the 
mixture stirred for a few minutes, and t ee ior filtered off and dried. Crystallisation from 
benzene gave ethyl (m-carbometh ) date (23 g.. 80%), which formed pale-tan 
crystals, m. p. 136° (Found: C, 56-1; H, 485; N, #7. Cyl, OA requires C, 55-1; H, 4-0; N, 
49%) 

Fthy! (antlinometh ylene)\chloroacetate Re ay by Mentzer’s method for the substance 
which he describes as ethy! indole-3-carboxylate ; it A. By p. 82° (Mentzer gives m. p. 82°) 
(Found: C1153. Cak. for C,,H,,O,NCI: C1, is-5%) 














3346 Notes, 


Ethyl «chloro p-methylaniiimomethylencacetate was prepared similarly tpreparation by Mr 
E. Saxton). It formed flat plates, m. p. 97° (Found: ©, 508. H.@1; N, 5&6, Ci, 13-9. Cale. for 
at eC: C, 1, H, 585, N, S85, Ci, 14-6%) (Mentzer gives m. p. 97°; Found: N, 62 
( Cyl yO : N, 69%) 


Analyses are by Drs. Weiler and Strauss.—Dyvson Pexsins Lasoratrory, Oxrorp. (Receswed, 
June 2604, 1950. 


The Purification of Hensene. By K.P. Evans, O. Oxmnon, B. B. Goatey, and 
L.A. K. Stavetey 


Wuew benzene is shaken with an ammoniacal solution of nickel cyanide, a pale violet crystalline solid 
of formula Ni(CN), NH,C.H, (Hofmann and Héchtien, Ber. 1903, 1149) separates. The structure of 
this solid has recently been investigated by Powell and Kayner (Nature, 1949, 163, 566), who found that 
it is an example of the clathrate od of molecular compound. Thiophen, furan, and pyrrole can also 
form similar solids, but aniline and phenol seem to be the only simple derivatives of benzene itself 
capable of replacing benzene in the complex. Since all these organic molecules are flat, it seemed 
probable that if the benzene compound were formed from thiophen-free but otherwise impure benzene, 
the benzene recovered on the destruction of the compound should be quite free from the saturated 
hydrocarbons which are otherwise very difficult to remove. We have, in fact, found that by this 
method benzene can be obtained from impure material in good yield and of a purity as good as, if not 
superio:n to, that of samples praciuced by prolonged fractionation in a very efficient still, or by the tedious 
and wastetul process of fractional crystallisation and fusion 


In a preliminary experiment, the compound was formed by using an ammoniacal nickel cyanide 
solution prepared as recommended by Dennis and Nichols (* Gas Analysis,’ Macmillan, 1920), and a 
sample ol impure benzene which was sulphur-free and froze at 4.55 The solid was washed with water 
amd acetone, and then heated in a botling saturated solution of potassium chlonde, the benzene distilling 
over This benzene, after being washed with water, dilute acid, and dilute sodium carbonate, dried. and 
distilled from phosphoric oxide, had an initial {. p. of 5-4 This demonstrated the feasibility of the 
method, but as the solid had only been produced in quantity by continued agitation for at least 24 hours 
further experiments were made to find conditions under which it was formed more quickly, and 
alternative methxxts of recovering the benzene from the complex were tried, of which the best was found 
to be dry distillation of the solid from an oil-bath at 190-210". The most satisfactory procedure for 
the formation of the solid may be illustrated by the following experiment 


A cold solution of 70-6 g. of potassium cyanide in 282 ¢.c. of water was added with stirring to a cold 
solution of 120 g. of hydrated nickel chioride in 480 ¢.c. of water (or to one of 142 g. of hydrated nickel 
sulphate in 567 ¢.¢ of water), After addition of 564 ¢.c. of concentrated aqueous ammonia and 300 c « 
of water, and 30 minutes’ standing in ice, the mixture was filtered through glass-wool. 60%, Aqueous 
acetic acid was added to the filtrate until a turbidity appeared. 32-6 g. of benzene were then added to 
the solution, which was vigorously shaken for one hour and then cooled in ice for the same time. The 
solkl complex was filtered off, washed with water, alcohol, and ether, and air-dried, a 4% yield being 
obtained. n dry distillation of the complex, 24-5 g. of benzene were recovered, representing an overall 
yield of 75%, 


Starting from sulpbur-free benzene with an initial f. p. of 540°, a quantity of benzene was prepared 
in this way After being washed three times with 20%, sulphuric acid, and then with water, this was 
dried over phosphoric anhydride and fractionated in a 25-plate column. The purity of the constant- 
botling middle ection (whieh constituted about 77%, of the whole) was then examined. it had n? 
15011, df © 87904 Finally, its behaviour on freezing was investigated in an apparatus similar to that 
described by Mair, Glasgow, and Rossini (/. Aes. Nat. Bur. Stand.. 1041, 38. 1), temperature being 
measured with a Meyers-type platinum resistance thermometer. This thermometer, the characteristics 
of which satisfied the requirements of the International Temperature Scale, had been checked at the 
transition point of sodiem sulphate, for which a value of 32-381° was found (cf. 32-384", Dickinson and 
Muetier shed . 1007. 3 Gal Pre rate of fall of temperature after freezing commenced was so smal! (less 
than 0-02" in 30 minutes) as to make it difficult to apply Taylor and Rossini’s procedure (ibid., 1944, 32 
197) for obtaining the {. p. of the perfectly pure substance The extrapolated value of the initial f. p. of 
the actual sample. however, was 5 535°, as compared with the value of 5.533", estimated to be the f. p. of 
ope benrene Selected Values of the Properties of Hydrocarbons,’ U.S. Nat. Bur. Standards, 1947 

t therefore appears that the method described can be used to obtain benzene from the commercial product 
in gor! yield and of high purity, without using any part ularly elaborate apparatus 


One of us (R. PF. I is indebted to the Department of Scientific and Industrial Research for a 
Maintenance Grant, and another (Hf. BG.) to the British Ravon Research Association for a Research 
“ holarship Tue lNorGantc Cremistey LaBoratorRY and Dyson Preertns Laporatory, Oxrorp 
Receesved, July Sed, 1050 


The Bromination of Halogenoacetals By G. T. Newsorp 


Tue preparation of dibromoacetakdehyde diethy! acetal by the bromination of bromeacetal in the 
presence of calcium carbonate by Martung and Adkins s method (/ Amer Chem. Sox 1027, 49. 2517. 
ef Pischer and Landstemer, Aer, 1802. 86. 2551 won Braun 12, 35. 3388. Freundler and 
Letra, Compt. rend . 1005. 1460 704. Bull S hom , 1007. (iy 5) has been described by Beverstadt 
and McPiwai (/. Amer Chem Soe 1037, 66, 2266 In the author's hands this preparation consistently 
gave a crystalline by-product, C,H,,O,Rr, This 1 rmulate as di-(2  2-dibromo-l-ethoxyethyl) 
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ether (I) since on treatment with methanolic 2 a gg ye ter sulphate it gives glyoxal 
bis-2  4-dinitrophenylhydrazone. The ready con dib etal inte the same hydrasone 
under these conditoons is am indication of the lability of the two bromine atoms and supports the above 
formulation of the compound C,H,,O,Br, Attempts to form the 2. 4-dinitrophenylhydrazone of 
dibromoacetaidehyde also resulted in the formation of glyoxa! bis-2 : 4-dinitrophenylbydrazone. 
Catalytic reduction of (I) followed by treatment with 2. 4<initrophenylhydrazine in acid solution, 
without isolation of the intermediate di-(l-alkoxyethy!) ether (cf. Geuther and Laatsch, Aunalew, 1883, 
218, 25). gave acetaldehyde 2 . 4-dinitrophenylhydrazone 


Further support for the structure (I) was forthcoming from certain reactions of di-(1  2-dibromoethy!) 
ether (11) (for preparation see Freundier, Compt vrend., 1905, 140, 1693, a>d Bull. See. chem... 1907, (iw), 1, 
66. for structure, see Hibbert, yr, and Taylor, /. Amer. Chem, Soc, 1929, G1, 1551, and Stepanow, 
Preobrashensky, and Schtschukina, Ber., 1926, 6B, 2533). Ruigh and Major (/. Amer. Chem. Soo. 1931, 
$3. 3131) showed that (I1) gave givoxal bis -p-nitrophenyih ydrazone on treatment with a hot solution of 
p-nitrophenylhydrazine in aqueous acetic acid, by fission of the ether linkage and concomitant hydrolysis 
and oxidation at the 2-position 





Di-(1 2-dibromoethy!) ether was isolated as a by-product of the bromination of paraldehyde followed 
by addition of ethanol. In contrast to the behaviour with p-nitrophenylhydrazine reported above, this 
ether with Brady's reagent in the cold gives bromoacetaldehyde 2. 4-dinitrophenythydrazone tn excellent 
yield, fission of the oxygen linkage in this case would appear easier than hydrolysis of the acetal groups 
in bromoaceta! since the latter compound gave with Brady's reagent a mixture of bromoacetaldehyde 
2 4-<dimitrophenylhydrazone and ghyoxal bis-2 4-dinitrophenylhydrazone, the formation of the latter 
mvolving an oxidation 


Bromination of chloroacetal in the presence of calcium carbonate gave bromochloroacetal and in small 
yield a product, C,H,,O,Br,Cl,. This compound was — by Brady's re t to glyoxal bis-2 4-di- 
nitrophenylhydrazone and js formulated as di-(2-bromo-2-chioro- 1 -ethoxyethy!) ether (I11) 


(CHBr,-CH(OEt):),0 (CH, Br-CHBr) ,O (CH BrCr-CHIOEt)),0 
(L) (i1.) (111.) 
Eaperimental.-All m. p.s are uncorrected. 


Bromination of bromoacetal. To bromoacetal (565 g.), stirred with dry precipitated calcium carbonate 
(165 g.), bromine (468 g.) was added at 0° during 2 hours in strong sunlight. Stirring was continued fora 
further hour. Next morning ice-water was added, and the lower layer separated, washed with potassium 
carbonate solution, then water, and dried (Na,SO,). Distillation gave a forerun, b f, oo of jl mm 
(150 g.), followed by dibromoacetal, b. p. 96—100°/11 mm. (490 g.), w}f 1-4850 he residue (40 ¢.) 
solidified on cooling. Two crystallisations from benzene-light petroleum (b. p. 60-80") gave di-(2 » 2-ds 
bromo-\-ethoxyethyl) ether (8-5 g.) as fine needles, m 9204" (Found: C, 201; H, 20; Br, 670% 
M (cryoscopic in C,H,), 452. C,H,,O, Br, requires C, 20-1; H, 2-0; Br, 66-90%; M, 478). 


Bromimation of chloroacetal, Chioroacetal (250 g.) was brominated as above with bromine (285 g.) in 
the presence of calcium carbonate (96 g.). Distilllation of the product gave bromochloroacetal (190 g.), 
b. p. 46-—50° 0-3 mm., «}f 1-4610 (Found: C, 30-8; H, 49. C,H,,O,BrC) requires C, 31-1; H, 52%). 
The distillation residue (21 g.) solidified on cooling and after two crystallisations from light petroleum 
(b. p. 60-80") gave di-(2-bromo-2-chloro-|-cthoxyethyl) ether as fine needles (4.9 g.), m. p. 89-01" [Found 


C, 248; H, 3-8, Br + Cl, 60-1; M (cryoscopic in C,H,), 393. C,H,,O, BrCl, requires C, 24-7; H, 36 
Br + Cl, 69-4%: M, 389 


Reaction of di-(2 : 2-dibromo-\-ethoxyethy!) ether with Brady's reagent. The reagent used contamed 
2 4-dinitrophenyihydrazine (2 g.) in concentrated sulphuric acid (4 c.c.) and methanol (@0 cc.) A 
mixture of the ether in warm methanol (2 c.c.) and the reagent (5 c.c.) was kept at room temperature 
overnight and then heated at 60° for 30 minutes; the solid (80 mg.) was separated after cooling, 
washed with methanol, and crystallised from ethylene glycol monoethy! ether, giving orange needles, 
m. p. 320° (decomp.) (Found ; C, 40-1; H, 2-7; N, 27-1. Cale. for C,,H,O,N,. C, to2 ft, 24, N, 
26-5%). Light absorption in chloroform : inflection at 2600 a. (¢ = 14,000), maxima at 3080 (¢ 
34,000) and 4400 4. (¢ = 36,000). Glyoxal bis-2 ne, epared according to 
Glasstone and Hickling (/., 1936, 820), separated from ethylene glyco! monoethy! ether or nitrobenzene 


as small orange seedies, m. p. 319-5° (decomp.) undepressed when mixed with the preparation described 
above (Found : N, 27-0%) (light absorption as above) 


Reaction of di-(2-bromo-2-chlovo-|-cthoxyethyl) ether aith Brady's reagent. The compound (100 mg.) 
treated as above, gave glyoxal bis-2 : 4-dinitrophenylhydrazone (70 mg.), m. p. 320° (decomp.) alone or 
mixed with an authentic specimen (Found : C, 40-1; H, 2-6; N, 27-4%) (light absorption as above) 


Reaction of dibromoacetal with Brady's reagent. Dibromoacetal (500 mg.) in methanol (2 cc.) was 
mixed with the reagent (10 c.c.) and kept at room temperatere. After 4 days the solid (100 mg.) was 
collected. It crystallised from ethylene glycol monoethy! ether as orange needles, m. p. 320° (decomp. ) 


alone or mixed with glyoxal bis-2 : 4-dinitrophenythydrazone (Found : N, 27-49%) (light absorption as 
above) 


Bromoacetaldehyde 2. 4-dinttrophenylhydrazone. (a) Brotioacetaidehyde (Fischer and Landsteiner, 
Ber, 1892, 26, 2551) on treatment with Brady's reagent gave bromoacetaidehyde 2 : 4-dinitropheny!- 
hydrazone which ated from benzene met. as orange-yellow needles, m. p. 155-—157° (Found 
Cc, 320; H, 24. . for C,H,O.N, Br: C, 31-7; H, 23%). Heilbron, Jones, and O'Sullivan (/, 
1946, 866) give m. p. 150°.” Light ion in ethanol: maxima at 2800 (« = 11,000), 2600 
(e = 11,000), 2960 (¢ — 11,500), 3050 (e = 12,000), 3350 (¢ = 11,500), and 3500 a. (e — 11,500) 

108 
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(6) Di-(1 - 2-ditwomeethy!) ether (20 g.) in methanol (5 c.c.) was kept with Brady's reagent (25 c.c.) 
at 1# overnight. The crystals were collected and crystallised trom benzene-methanol in orange-yellow 
needles, m. p. 156-157" (1-11 g.) alone or mixed with preparation (4) (Found: C, 32-2; H, 24%). 


(«) Bromoacetal (0-5 ) was kept at 18° with Brady's reagent (10 ¢.c.) for 2days. The orange crystal- 
line precipitate was filtered of (200 mg.) and extracted with hot benzene. The insoluble portion (30 mg.) 
crystallised from nitrobenzene-light petroleum (b. p. 100-—120°) in orange needles, mp. 320° (decomp } 
alone of mixed with glyoxal bis 2. 4-dinitrophenylhydrazone. The benzene soluble fraction was 
crystallised several times from benzene-methanol, to give orange-yellow needles, mp. 153-156" alone 
or mixed with bromoacetaldehyde 2 © 4-dinitrophenythydrazone 


Reduction of di-(2 - 2-dibromo-|-ctheryethyl) ether The compound (250 mg) was shaken with 
platinum (from Adams's catalyst (100 mg.)), potassium bydroxide (300 mg.), water (3 «.c.), and re 
ethanol (25 ¢.c.) under hydrogen at 18°/l atm. Absorption was rapid at first but ceased after | hour 
(42 <¢c Cale tor 4 mols Sic.c.). The reaction mixture was filtered, acidified (Congo-red) with 
2ne-hydrochloric acid, and treated with an excess of a saturated solution of 2 ¢-dinitrophenylhydrazine 
in 2n-hydrochlersc acid. An immediate yellow precipitate formed which was filtered off and dried in 
vacuo (192 mg... m p. 190-135"). The solid was dissolved in dry benzene (20 ¢.c.) and adsorbed on a 
colame of alumina (1.5 « 10 cm.), which was then washed with benzene (200¢.c.). Evaporation of the 
solvent gave yellow-orange crystals (#) mg m. p. 145--155°) which separated from benzene-light 
petroleum (b 80") as orange-yellow blades, m. p. 164-—166° (75 mg, 32%) alone or mixed with 
acetaldehyde 2 4-dimitrophenylhydrazone (Found. N, 246. Cale. for CH,O.N,. N, 250%). Light 
abeorption in ethanol maxima at 2240 (« 15,000), 2530 (« 12,000), and Sisko Ae 21,500) (cf 
Hraude and Jones, J, 1945, 49%) 


Bromination of paraldechyde. This was carried out substantially according to Heilbron, Jones, Julia 
and Weedon ()., 1969, 1823), but ultra-violet irradiation and the theoretical quantity of bromine 
(2 moles per mole) were used. Thus 220. of me gave 650 ¢ of dibromoacetal, b. p. 06-103", 11 
mim The distillation residue (277 g.) soludified, and the solid (83 g.), m. p. 55-62, was filtered 
off with the aid of light petroleum (b. p 40-60"). Crystallisation from light petroleum (b. p. 60-80") 
gave massive irregular prisms, m. p 63.65", of di-(] . 2dibromeethyl) ether (Found ¢ 2-5; H, 1-8. 
Cale. tor CHO, CC, 12-3, H, 156% Hibbert, Perry, and Taylor (loc. cst.) give m. p. 63-65 
Lhatillation of the oil (194 ¢.) obtained from the mother-liquor gave a main fraction of b. p. 100-115" /0-2 
mm. (82¢.). This partly solidified. dilution with light petroleum (b. p. 40-60") and filtration gave Wg 
of tetrabrome-ether, m. p. 61-63 


The author thanks Professor FS. Spring for his interest in this work and Mr. J. H. Northcote for 
experimental assistance.—-Tue Rovat Tecunicat Cottece, GLascow Recewed, July 20th, 1950 


Nitration of Benrylidens Diacetate. By W. Davey and J. R. Gwict 


Is a series of preparations of p-nitrobenzaldehyde by Davey and Gwilt’s method (/., 1950, 204), it has 
been found that sometimes hydrolysis of benzylidene diacetate occurred, followed by immediate and 
vigorous oxidation to benzoic acid, whilst in other cases there was no appreciable nitration. Attempts 
to prevent oxidation by the addition of area and careful temperature control effected some improvement 
but the reaction still proved erratic on occasions 


It has been found that the violent reaction between acetic anhydride, sulphuric acid, and benzaldehyde 

mald be almost entirely avoided by adding a solution of benzaldehyde in acetic anhydride to a cooled 

mixture of acetic anhydride and sulphuric acid. This procedure enabled even commercial samples of 
benzaklehyde to be converted into the diacetate or nitration products 


The nitric acid nitration of benzylidene diacetate, in acetic anhydride solution at low temperatures, 
with and without the addition of copper nitrate has been further investigated. The nitration products 
were analysed by the methods suggested by Davey and Gwilt (/. Soe. Chem. Ind., in the press), and it 
was found that the presence of copper nitrate had no appreciable effect on the reaction, which yielded about 
Oo of o- nitrobenszaldehyde and 60%, of p-nitrobenzylidene diacetate, with 1% or less of the m-isomer 
The small amount of the last differs from that reported by Baker and Ingold (/., 1930, 431), who used 
somewhat similar conditions of nitration, but appears to be due to completeness of diacetate formation 
in the present experiments. The o-nitrobenzylidene diacetate, first formed, underwent hydrolysis 
almost quantitatively to the aldehyde, and this permitted the separation from the mixture of p-nitro- 
bensyldene diacetate, which is sparingly soluble in ethanol. Solubulities of this diester, purified by 
repeated crystallisation from ethanol, were as follows (in g. per 100 ml. of solution in methanol, 0-46 
at 10°, 107 at 27°, and 1-88 at 37 in ethanol, 016 at 10°, 051 at 27°, and 0-92 at 37 
While there is a slight increase in the solubility of p-nitrobenzylidene diacetate in the presence of 
impurities, particularly the isomers (cf. Bennett, Analyst, 1948, 73, 191), in practice such increase has 
been found to be very small, enabling a separation to be readily achieved 

bE aperimental Renzakiehyde (20 g.) and acetic anhydride (40 ml.) were mixed and added slowly to 
4 well-stirred mixture of acetic anhydride (100 ml.) and sulphuric acid (2 ml., d 1-84), cooled in an ice 
hath More acetexc anhydride (10 mil.) was used to rinse in all the benzaldehyde Nitric aced (40 ml 
@ 1.52) was added. with vigorous stirring, at each a rate (over about 3) minutes) as to maintain the 
temperature of the mixture at 20-~30 Sturring and cooling were continued for a further 30 minutes, 
and the mixture was then either diluted with excess of water, or alternatively set aside for 12 hours 
and then diluted The separated material was removed and extracted with ethanol at 10 pP-nitro 
benaylidene diacetate remained, and this was hydrolysed to the aldehyde by the method desenbed in 
Org Syeth Coll Vol Il. p. 441 of by Davey and Gwilt’s method (lo if »-nitrobenzaldehyde was 
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recovered from the ethanol extract. Further quantities of these materials were obtained by ether 
extraction of the diluted nitration mixtures The following results were obtained, yields being expressed 
as % of the benzaldehyde taken 


Hydrated Hours , Hydrated Hours 
copper before Nitrobenzaldeh yde Copper before Nitrobenzaldehyde. 
nitrate (g.) dilution © ™. 2 nitrate (g ) dilution ° ” : 
v : 57 2 12 an #1 oe 
0 2 57 10 i 13 ” ow 


2 i : ol & lo i2 “ 0 A 


In some experiments, small amounts (< 5%) of unnitrated benzaldehyde were obtained but in no case 
were any oxrdation products detected 


In one preliminary experiment a nitration mixture, im the absence of copper nitrate, was set aside at 
room temperature after the addition of the aitric acid, the temperature rose sharply after one hour 
a violent reaction occurred, and o- and p-nitrobenzo acid were obtained. For this reason, the nitration 
mixture was always left in an ice-bath for at least one hour after the addition of the nitric acid. By 
using the ethanol separation yields of 0--55%, of p-nitro- and 25-30%, of o-nitrobenzaldehyde have 
been consistently obtained...Actow Tecuwical Cottecs, Acton, W.3. Recewed, August lot, 1950 


Damorphism of Esters of wcyllolwosose. By S. J. Awovat and N. K. Marugson, 


Posteenax (Hele. Chom. Acta, 1041, 84 1046) found that nta-acetyl scylloinosose existed in two 
forms. The higher-melting form was obtained on crystallisation from solvents containing small 
amounts of mineral aceds, and the lower-melting from the same solvents in the absence of acids. Hoth 
forms gave the same reactions and no evidence of enolic nature was shown by either Nevertheless, 
Posternak was unwilling to describe the phenomenon as dimorphism because the two forms were not 
produced at will by inoculation 


The same behaviour was shown by the pentabenzoate. To see whether this phenomenon was 


general! for esters of scylloinosose, the pentapropionate | ae by us; this also crystallised in two 
forms, depending on the presence or absence of traces of act 


We also failed to interconvert the two forms of the penta-acetate by incculation. When only the 
merest trace of ackl was present, the two forms separated unpredictably but still eninfluenced by 
moculation. On evaporation of a chloroform solution, the higher-tmelting form was always recovered 
unchanged but the lower-meiting gave either type of crystal indiscriminately (probably because of traces 
of acid m the solvent), When kept at room temperature, the lower-melting form gradually changed 
into the other, a process which was completed in a oe days in the laboratory atmosphere but took about 
a month in a sealed tube 


Both forms of the acetate gave the same phenylhydrazone, and their ultra-violet absorption spectra 
in chloroform were identical and showed a peak (log «4, 1-43 in 0-033m-solution) at 26204. Absorption 
at this wave-length is characteristic for keto-groups (Kollefson and Burton, “ Photochemistry the 
Mechanism of Chemical Reactions,” 1939, p. 232). A very similar spectrum was reported by Posternak 
(Hele. Chim. Acta, 1946, 29. 1904) for scylloinosose itself 


Interconvertibility by inoculation is not a necessary criterion of polymorphism , other factors, such 
as temperature, may control the formation of the various forms. The present case seems to be an 
example of a dimorphism where the growth of one type of crystals 1s dependent on the presence of acids 
Probably temporary addition of a proton to the ketonic oxygen changes the shape of the molecule and 
enables it to build up a different crystal lattice 


Experimental (m. p.s are corrected Pentapropionyl scyllotnosos. scyllolnosose (2 g.) was heated 
on a water-bath with a mixture (19° 1) of propionic anhydride and sulphuric acid (30 ml.) for 5 minutes 
and then kept for 2 hours. The mixture was cooled to 0°, and the separated crystals (4-5 ¢ ) filtered off 
and washed with glacial acetic acid and ether Recrystallisation from glacial acetic acid contaming a 
trace of sulphuric acid gave the propionate, m. p. 162° (Found: C, 54-0; H, 6-5 
C, 56-0: H, 66%). Three reerystallisations from ethanol gave the form, m. p. 122" 


Cy H,O,, requires 
(Pound Cc me 
H, 6-5%), which was reconverted into the higher-melting form by crystallisation from glacial acetic 
acid with a trace of sulphuric acid 


Penta-acetyl scyloinosose phenvihydrazone, To a solution of the penta-acetate (Carter ef al, J. Biol 
Chem., 1947, 174, 423) (0-5 g.) in warm glacial acetic acid (5 ml.) phenythydrazine (0-5 mi.) was added 
After § hour the solution was diluted with water (25 ml.) and filtered. The solid was recrystallised from 
ethanol to give pale yellow needles of the phenylaydrazone (0-45 g.), m. p. 112-113" (Found: N. 60 
CyH,.O..N, requires N, 5-9%). The phenylhydrazones of the low- and high-melting acetates did not 
depress each other's m. p 


We are indebted to the Commonwealth Science Fund for a grant which has enabled one of us 
(N. K. M) to take part in this work.—Cuemistey Deraetwent, Uxiverstry of Syvpwey Recewed, 
August Sth, 1900 
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4m Altermatiwe Method for the Hydrolysss of Thsoamides im the Willgerodt-Kindier Reaction 
By M. A. Tuonotn Rocens. 


Te thoamides ArCH,CS’-NRK’, which are intermediates in the preparation of arylacetic acids by the 

Wiligerodt-Kindier reaction (Carmack and Spielman, “ Organic Keactions,” 1946, Vol. Ill, p. 83) 

yiysed by strong acid or alkali in the final stage. Occasionally (¢.g.. Turner, ]. Amer 

; Nightingale and Carpenter, shid., 1949, 71, 3560), the conditions required to 

use disruption of the remainder of the molecule. It has been found that 

thio-morpholides react readily with methyl iodide im acetone to give, for example, §-methylthio-é- 

morpholinostyrene hydriodide, PhCH{C(SMe)-N <(CH,),>O,HI, which reacts readily with hot water 

with loss of morpholine and formation of methy! pheny!thiolacetate, which can be hydrolysed to the acid 

under relatively mild conditions. With aqueous ammonia, the hydriodide gives phenylac etamide, and 

with o-phenylenediamine benzylbenziminazole. Under anhydrous conditions the hydriodide reacts 

with excess of morpholine to give 88-dimorpholinostyrene which 1s sufficiently stable to be isolated but is 
readily hydrolysed by hot water to phenylacetmorpholide 


B- Mcthylthho B-morpholinostyrene Hydriodide —Phenyithiwacetmorpholide (50 g.) was dissolved at 
the boiling point in dry methanol-free acetone (150 ¢ c.), ingress of moisture being prevented; after the 
temperature had fallen a few degrees, methyl iodide (25 ¢.c.) was added and the mixture heated under 
reflux for one hour. Keaction was initially vigorous, and the salt separated as white needies after a few 
minutes, after being cooled in ice, and filtered off, it was washed with dry benzene and dried in air. The 
product (69 g., 53%), m. p. 168-170", was turther purified by dissolution in dry nitromethane and 
midition of dry benzene, causing the separation of flat white needles, m.p 172° (decomp.) with yellowing 
at above 160° (Found C, 43-5; H, 465; N, 365. C,,H,,ONS.HI requires C, 43-0; H, 495, N, 
385%). The effervescence during decomposition was shown to be caused by the evolution of methyl 
txtide. The Aydriodide was stable at room temperature in the dark, but became yellow in light. The 
base was pre {1 by stirring the powdered hydriodide (8-0 g_) with a cold solution of potassium hydrogen 
carbonate (20 g.) in water (100 c.c.) in the presence of ether (100c.c.). After one hour only traces of solid 
remained, and the ether layer was separated and dried (MgSO). the solvent removed, and the base (4-9 g.) 
distilled (at about 130°/13 mm.) (Found: C, 6645, H. 69. C,,H,,ONS requires C, 66-4; H, 725%) 
The clears yellow distillate was soluble in dilute hydrochloric acid, and the solution decomposed on warm- 
ing. as did the hycriodide in water (see below) 


Action of Water on the Methylihio-hydriodide.—The hydriodide (2-7 g.) was dissolved in water (150 
« ©.) with gentle warming a clear solution was obtained, but this clouded almost at once and the resultant 
cml was steam-distilled and extracted with ether from the distillate. Slow evaporation of the ether left 
methy! phenylthiolacetate (0-08 g., 61.5%) (Found: C, 647; H, 61. Cale. for C.H,OS:> C, 65-05; 
HH, 606%). The thio-ester was further characterised by being heated under reflux with 2nx-sodium 
hydroxide in a slow stream of nitrogen. The issuing gases gave (i) a crystalline precipitate of mercuric 
thiomethoxide (m. p. 170°) with mercuric cyanide; (u) a red colour with sodium nitroprusside; (iii) a 
green colour with isatin in strong salphuric acid 


The hydriocide was refluxed with ammonia solution (d 0-88) for 0-5 hour. Methanethiol was evolved, 
and from the residue there was obtained phenylacetamide, m. p. 154 With o-phenylenediamine (4-2 g., 
2 mols}, the hydriodide (5-2 g.) in dry nitromethane (25 c.c.) gave, after 3 hours’ refluxing and cooling, 
2-benzyibenziminazole (3-9 g.), m. p. 181-—-183° 


88> Dimorpholimostyrene The hydriodide (23 g.) and dry morpholine (15 c.c.) were warmed on the 
steam-bath with exclusion of moisture for 2 hours. Methanethiol was liberated, and the solid passed into 
solution After cooling, the crystalline residue was mixed to a paste with ice-water, filtered off, and 
rapidly dried (P,O,) in a vacuum: the product (11-8 g., 71-56%) had m. p. 125-—129 Crystallisation 
from cyclohexane gave white plates of the dimorpholimostyrene (7:7 g.; m. p. 130-132"), which on 
recrystallisation from dry benzene had m. p. 131-132" (Found: C, 70-4; H, #1; N, 103. C,,H,,O,N, 
requires ©, 70-05; H, 805; N, 125% The prerate, made in nitromethane solution, and precipitated 
by the addition of dry ether, formed canary-yellow needles (from acetonitrile-ether), m. p. 160° (Found 
C, 52-66. H. 496, N 163. C,H ON, C,HOLN, requires C, 52-5; H, 495; N, 13-90%). A methiodide 
m. p. 168-170" (decomp. not sharp —- when the base and methy! iodide were mixed in benzene 
It was deliquescent, and darkened in light 


fotion of Water on 28> Dimorpholimnostyrene The base (1-6 2.) and water (20 cc.) were heated under 
reflux for S minutes the alkaline solution was acidified (HC!) and extracted with chloroform, from which 
was obtained Phenylacetmorpholids, m. p, 67-68", not depressed by a sample made through the acid 
chionde (Pound C, 7035; H, 68. C,,H,,O.N requires C, 70-25, H, 7-3%, Moist air slowly caused 
the same hydrolyse —Impeetac Curmicat [wousraies Lrpo, Reseaecn Laporatrortes, Hexacon 
House, Biacktey, Mawcuesreer, 9 Reeetved, Augual 11th, 1950 


p Promophenacy! Formate. By Joun Frepericx Grove and Pj. Surer 
Tue formation of phenacy! esters ts now widely used for the characterisation and identification of 
carboxylic acids, and the conditions for their preparation have been carefully stedied by Reid and his 
collaborators (Rather and Reid, /. Amer Chem. Soe . 1919, @]. 75 Judefind and Reid (i:d., 1920, 48. 
1043) stated that sodium formate did not react with »bromophenacv! bromide, the reagent being 
recovered unc hanged Subsequentiy, Moses and Rel (:/ed., 1932, 64. 2101) recorded the melting point 
of »-bromophenacy! formate as 135-2" (decomp.) and Hurd and Christ (s44_, 1935, §7, 2006 independently 
gave a detailed preparation, in which sxliam formate and p-br 


| bromide were heated under 
reflux in @). 7 


0%, etha they reported the melting point of the derivative to be 140 
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When the preparation of p-bromophenacy! formate, as described by Hurd and Christ, was attempted, 
a substance, m 138—140° (decomp ), was obtained, but rather surprisingly, the infra-red trum 
showed only one in the C=O region at 1685 cm.™, the band expected for formate C=O at 1 cm 
being absent. Analysis and a mixed melting-point determination revealed that the substance was, in 
fact, p-bromophenacy! alcohol 





point being 4 ibys ture of the y 
could not be separated y ictastanthy into its com: el cm ~ fractional 
chromatography of a benzene solution on activa mina yielded two su 


Substance A, m. p. 00°, gave a correct analysis for Iformate. The infra-red 
bande to the dont bend euncdiing eagiem a2 1725 and | om.“ due to ester and 
C=O, respectively. 

Substance B, m. p. 136-—139° (decomp.), was p-bromophenacy! alcohol 


Hydrolysis of the ester, m. p. 99°, in the e of barium carbonate yielded p-bromophenacy | 
alcohol, and formic acid, identified after reduction to formaldehyde by the chromotropic acid test. The 
ester was recovered unc after one hour's refluxing with 70%, ethanol, but was iyarsiyeed quantit- 
> the presence of 3 mols. of sodium formate. The failure of the method by Hurd 

ist may, therefore, be attributed to the large excess of sodium formate used 


Experimental.._Hurd and Christ's procedure. Sodium formate (1 g.) in water (5 cc.) was added to 
om ents 6 oS Sees oe oe ), and the mixture heated under reflux for one 
—+- "} Sen enteatl Nap tecmetaenaenl iecheol (Fe ~~ 

(decomp.) not depressed on admixture with an authentic specimen of p- (Found : 
C, 44-8, 44-5; H,3-2,3-4; Br, 386. Cale. forC,H,O, Br: C, 44-7; H, 3-3, De 8789). 


p-Bromophenacyl formate. Formic acid (0-47 g.) was neutralised with 0-1n-sodium ethoxide, and the 
cchltion sande just aid by the ebdition of 0 tence 62 farmnie anid. f?- Bromophenacy! bromide (2:84 g ~ 
ethanol (30 c.c.) was added, and the mixture heated under reflux for one hour. The product 
concentration of the solvent was dissolved in ether and washed with water. Ev tion of the other 
left a crystalline product, m. p. 89--99° (0-6 g.), which on recrystallisation from et ” gave colourless 
plates (0-3 g.), melting partially at 89-—01° but not completely melted at 110°. The recrystallised 
— was dissolved in benzene and filtered through a column of activated alumina (9 g.) of pH 6, 

0-c.c. fractions being collected and examined separately 


The solid contents (0-1 g.) of fractions 1—5 were combined and crystallised twice from ethanol givi 
substance 4, as colourless plates, m. p. 99° depressed by admixture with p-bre y! bromide ant 
with p-bromophenacy! alcohol (Found: C, 447, 44-8: H, 20, 20; Br, 33-39%; M (Rast), 214. 
C,H,O, Br requires C, 44-4; H, 2-0; Br, 32-09%; M, 243) 


Fractions 6——7 were combined (0-03 g.) and crystallised from ethanol giving substance B, as colourless 
plates, m. p. 136-—139° (decomp.) not depressed by p-bromophenacy! alcohol 


We are indebted to Mr. H. A. Willis, Imperial Chemical Industries Limited, Mlastics Division, for 
the use of infra-red facilities. Microanalyses were carried out by Drs. Weiler and Strauss, Oxford.— 
Iueretat Cuemicat Inpustares Limrrep, Burresewiek Kesearcn Lasosarontes, Tux Fevrur, 
Wetwvyn, Heets. (Received, September lot, 1950 
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Recent Advances in the Chemistry of the Steroids. 


Tinoen Lecrure, DELIVERED BEFORE tHe CHEMICAL SocIETY AT THE 
Rovat Iwerrrution, Lowpow, on May 41ru, 1950 


By F. S. Srara. 


Tue considerable quickening in interest shown during the past year in the chemistry of the 
various steroid sub-groups makes a general review a matter of some difficulty and calls for a 
degree of selection from the mass of data available. For this reason, I intend to limit myself 
to a discussion of the chemistry of some of the adrenal cortical steroids, and specially to a 
discussion of some of the approaches being made to the partial synthesis of adrenal steroids 
bearing an oxygen function at positions 11 and 17. After the announcement by Hench and 
Kendall in 1949 of the effect of Kendall's adrenal compound E (cortisone) in the treatment of 
rheumatoid arthritis, such attempts at partial synthesis of 11: 17-oxygenated adrenal steroids 
have been the main focus of interest in steroid chemistry 

That extracts of adrenal cortical tissue will prolong the life of an adrenalectomised animal 
was established in 1930. Such extracts can be made in a variety of ways. For example, 
extraction of minced adrenal glands with cold acetone, followed by partitioning of the extracted 
material between a number of immiscible solvent pairs, gives a concentrate. This is extracted 
with ethyl! acetate, and the solution washed with weak acid and alkali to yield a neutral 
concentrate. In a typical concentration process, 1000 !b. of beef adrenal yield approximately 
10 g. of neutral concentrate. The isolation of individual compounds from the concentrate was 
undertaken about 1034 by Reichstein, Kendall, Pfiifiner, and others using a variety of analytical 
procedures, among these may be mentioned the use of the Girard reagent to effect separation 
into carbonyl and non-carbonyl fractions, extensive use of partition techniques, and 
chromatography of acetylated extracts followed by hydrolysis of the separated components. 
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As a result of these investigations just under thirty homogeneous compounds were isolated 
from adrenal extracts and, with one exception, their structures were determined by degradation 
and interconversion and in some cases by methods of partial synthesis from compounds of 
established structure by unambiguous methods. In addition to the isolated crystalline 
components, there remains an amorphous fraction which possesses to a markedly high degree 
the capacity to prolong the life of an adrenalectomised animal. Considerable variation in 
hormone content is observed in extracts from different animal species 

Most of the thirty compounds are known to be pregnane derivatives. It is of interest to note 
that these either contain a 3-keto-A*-unsaturated system or they are saturated, in which case 
they have the ailo-configuration at C,,. (1 Furthermore, adrenal steroids hydroxylated at C,, 
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have, with one exception, the 3$-configuration. Although a number of the adrenal cortical 
steroids have not been available in sufficient quantity for physiological test, it is known that 
six of them (11 VII) are capable of prolongimg the life of an adrenalectomised animal 

Physiologvcal Effects of the Cortical Sterowds — An adrenalectomised animal can be maintained 
by the administration of a fresh cortical extract or by one of the six compounds (I1--VII). In 
the dog life-maintenance test considerable differences in activity are observed. The amorphous 
fraction is the most active, being more active than deoxycorticosterone (II), which is the most 
potent among the crystalline compounds Incidentally, deoxycorticosterone acetate is 
considerably more active than deoxycorticosterone itself. The four ll-oxygenated hormones 
(IV—-VII) are less active than either deoxycorticosterone or the amorphous fraction. One 
important function of the adrenal gland is to exert a control of electrolyte balance, 
since adrenalectomy 1s followed by diminution in serum sodium involving excretion of sodium 
and chioride, and retention of potassium ions; a similar disturbed electrolyte balance is 
observed in Addison's disease (atrophy of adrenals). A comparison of the effect of adrenal 
steroids on sodium retention shows that this roughly parallels the life-maintenance test, 
deoxycorticosterone (II) and the amorphous fraction being highly active and the 1 l-oxygenated 
compounds (IV—-VII) markedly less active 

Another apparent function of the adrenal gland is an effect upon carbohydrate metabolism, 
since adrenalectomy is followed by a fall in liver glycogen which can be corrected by 
administration of adrenal extracts. The capacity of an adrenal hormone to promote glycogen 
formation in the liver of a starved adrenalectomised animal has been used as an assay method ; by 
using this yardstick, a further interesting difference in effect between different adrenal hormones 
is observed. Ot the six hormones the two bearing oxygen functions at positions 1! and 17, 
cortisone (VII) and 17-hydroxyeorticosterone (V1), are the most active. Corticosterone (IV) 
and dehydrocorticosterone (V) are less active, whilst deoxycorticosterone (II) and substance S 
(Ill) are imactive. Thus, broadly speaking, deoxyoorticosterone is highly active in sodium 
retention and inactive in glycogenesis, whereas the | ]-oxygenated hormones are highly active in 
givcogenesis and inactive in sodium retention. 

Finally, the profound effect of cortisone (VII) in rheumatoid arthritis, and to a lesser extent 
in rheumatic fever, appears to be highly specific. The adrenocorticotropic hormone of the 
pituitary (ACTH) is equally as effective as cortisone, and although sufficient 17-hydroxy- 
corticosterone has not been available for reasonable assay, it is probable that it will prove to be 
as potent as cortisone in the treatment of arthritis. Although other compounds have been 
claimed to show similar effects or to lead to improvement in established cases of rheumatoid 
arthritis, these improvements are, according to Kendall, psychological; only cortisone has 
the effect of reducing the high erythrocyte sedimentation rate, a critical characteristic of 
arthritis 

It has been reported that, in so far as rheumatoid arthritis is concerned, deoxycorticosterone 
(II) (cortisone with hydrogen in place of the Il- and 17-oxygen functions), 17-hydroxy- 
progesterone (VIII) (cortisone with hydrogen in place of the 21- and ll-oxygen functions), 
17-hydroxy-11-ketoprogesterone (IX) (cortisone with hydrogen in place of the 21-hydroxyl 
group), 11-dehydrocorticosterone (V) (cortisone with hydrogen in place of the 17-hydroxy! 
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group), substance S (III) (cortisone with hydrogens in place of the ll-oxygen atom), and 
4 5-dihydrocortisone (X) (cortisone with hydrogen saturating the double bond) are all without 
effect in arthritis. Furthermore, none of them affects the erythrocyte sedimentation rate. As 
a further pointer to the remarkably high specificity of cortisone in this respect, Kendall has 
described experiences with the A*'*-diene (XI). This diene can be obtained from cortisone 
(as acetate) by bromination and dehydrobromination, and conversely it is readily reduced 
to cortisone (VII) by zinc-dust reduction. Although the diene has extremely high glycogenic 
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activity and again like cortisone causes atrophy of the adrenal gland, it has no effect on arthritis. 
It is interesting to compare this result with the pronounced progestational activity of the 
corresponding diene from progesterone 


CHyOH CHYOAc 
¢o co 
OH 
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Among compounds related to cortisone which have been claimed to have a cortin-like effect 
is 2l-acetoxypregnenolone (2)-acetoxy-3$-hydroxy-20-keto-A*-pregnene) (XII) which is highly 
active in the life-maintenance test with rats. It has also been claimed that 21-acetoxy- 
pregnenolone (artisone) has anti-arthritic properties although the clinical evidence has not been 
detailed. Again it has been claimed, and disclaimed, that deoxycorticosterone acetate 
together with a massive dose of ascorbic acid effects some relief of the symptoms of rheumatoid 
arthritis 


Partial Synthesis of Cortisone 


The isolation of cortisone from adrenal extracts for a clinical evaluation on a suitabie scale 
is not feasible, the yield being of the order of a few hundred milligrams per 1000 Ib. of adrenal 
gland after a most tedious isolation procedure. Mention may be made of the recent isolation by 
Schneider of cortisone from normal male urine in amounts of the order of 50 mg. per 1000 litres. 
In the same connection the observations of Pincus and his associates are of considerable 
interest; they find that when an isolated adrenal gland is perfused with a solution containing 
deoxycorticosterone (or its acetate) the perfusate is highly glycogenic and from it corticosterone 
was isolated, 1¢, the gland has hydroxylated deoxycorticosterone at the Il-position. The 
enzymic oxidation of steroids in the 11-position by means of an extract of minced adrenal gland 
has also been reported 

The need to provide a reasonably adequate source of cortisone is pressing. The prospect of 
preparing analogues, which will have a similar effect, whilst still present, is growing dimmer, 
and leaving aside the equally distant prospect of total synthesis as feasible approach to 
reasonable supplies of cortisone, the partial synthesis of cortisone from available steroids appears 
to be the most rational approach to clinical supplies. The demand for access to cortisone and 
related compounds is independent of any progress which may be made in the clinical treatment 
of rheumatoid arthritis with the adrenocorticotropic hormone of the pituitary (ACTH) 


HO K 0 K 
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Cortisone from Deoxycholic Acad —The compound which has been the centre of attraction as 
starting material, and in fact, bears the honour of being the starting material for the only 
existing method of manufacture, is deoxvcholic acid (XIII), obtained from ox-bile or from the 
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more abundant bile acid, cholic acid. The conversion of deoxycholic acid into cortisone 
involves the following four groups of reactions: (i) replacement of oxygen at C,,,, by oxygen 
at C.,,,, (ti) degradation of the side chain to the pregnane type, (iii) development of the dihydroxy- 
acetone grouping, and (iv) development of the a$-unsaturated 3-ketone group. 

(}} A method for the replacement of the 12-oxygen function of deoxycholic acid by an 
ll-oxygen function was first described by Keichstein and his collaborators. More recently 
alternative methods have been developed by Gallagher and by Kendall. Gallagher's method 
consists in the bromination of methy! 3-acetoxy-12-ketocholanate (XIV), which gives a mixture 
of epimeric 11-bromo-12-keto-esters (XV). Hydrolysis of the latter with alkali at room 
temperature gives a mixture of epimeric 3: 11-dihydroxy-12-ketocholanic acids (XV1), whereas 
when alkaline hydrolysis is effected under more drastic conditions the Marker-Lawson acid 
(XVII) (3: 12-dihydroxy-11-ketocholanic acid) is obtained. The reaction sequence is completed 
by protection of the 3-hydroxy! group by succinoylation followed successively by esterification, 
replacement of the 12-hydroxy! group with bromine, and reduction to give 3-hydroxy-11- 
ketocholanic acid (XVIII) 

Kendall's method is dependent upon the high degree of reactivity of the allylic system in 
methyl 3: 12-dihydroxy-A"'’-cholenate (XIX), which is obtained from methyl 3-benzoyl- 
oxy-12-ketocholanate by the steps shown below 
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Treatment of the unsaturated diol (XIX) with methanol in the presence of acid gives 
the 12-methoxy-derivative (XX) which when treated successively with hydrochloric acid and 


sodium hydrogen carbonate yields the 3 : 9-epoxide (X XI) 


this series of reactions proceeds in 


uniformly high yield. The conversion of the 3: 9-epoxy-ester into 3-acetoxy-11-ketocholanic 


acid (XXII) was effected as shown below 
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(ii) The degradation of the bile-acid side chain can be efficiently effected by the method 
of Miescher, Meystre, and Wettstein, the illustration of which (shown below) depicts the 
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conversion of a cholanie ester derivative (XXIII) into a 21-acetoxy-20-ketopregnane derivative 
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(iti) The third series of changes involves the introduction of 17a-hydroxyl group for which 


Sarett's method was developed 
diketopregnane is converted into 17 
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The final stages are concerned with the introduction of the 2S-unsaturated ketone 
Here Kendall's efficient method is employed 


bromo-3-keto-steroid 1s 


treated with 2: 4-dinitrophenylhydrazine, and the precipitated (labile) hydrazone is treated 


with excess of pyruvic acid 
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Starting from the acetate of 17a 
the reaction sequence gives the acetate of cortisone (X XVII) 
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The laborious nature of the route to cortisone from deoxycholic 
acid has naturally led to considerable effort being expended in the examination of other natural 
products as potential starting materials for a partial synthesis of the adrenal steroid; a suitable 
steron! derived from vegetable sources would for obvious reasons be a more attractive starting 
material than an animal steroid 

Among the cardiac-active glycosides sarmentocymarin is obtained in small vield from the 
seed of a Strophanthus species; the exact botanical identification of the species from which the 
givcoside was obtained by different workers is unfortunately obscure. Hvydrolvsis of the 
givcoside yields a sugar and an aglycone sarmentogenin (XXVIII), the structure of which was 
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established by Katz by degradation to the known 3 : 11 -diketowtiocholanic acid (X XIX) by the 
steps shown below Should sarmentocymarin become reasonably available, a relatively simple 
route to cortisone becomes a possibility 
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Among the sterols there are few which appear reasonable starting materials for the partial 
synthesis of cortisone. Ergosterol-D (XXX) appears to be worthy of investigation since it is 
reported to contain a A*"-ethylenic linkage which offers a means for the introduction of 
oxygen at C,,,. Among the steroid alkaloids, jervine from Veratrum viride (green hellebore) is 
of considerable interest since a proposed structure (XXX1) for this alkaloid represents it as 
carrying an oxygen atom at C,,, 
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Probably the most attractive natural source for the part-synthesis of pregnane derivatives 
is the steroid sapogenins. The ease with which a sapogenin can be converted into a 20-keto- 
pregnane derivative (Marker) is illustrated by the conversion of diosgenin (XXXII), obtained 
from the roots of Mexican dioscorea, into progesterone 
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A sapogenin of immediate interest for a possible partial synthesis of cortisone is botogenin, 
which, according to Marker, is a 12-ketodiosgenin, and the related hecogenin, which is probably a 
dihydro-12-ketodiosgenin. 
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OBITUARY NOTICE. 
J. G. F. DRUCE 
1804-1950 


Gerato Deuce died in a London hospital on 22nd June at the age of 55, after six months of 
painful iliness borne with characteristic fortitude and cheerfulness. He worked almost to the 
end for his maim wterests—chemuistry and international friendship 

Druce was born at Leamington Spa in 1894, and was educated at Kendrick School, at 
University College, Reading, and at University College, London, where he took his M.Sc. in 
1921. Here, too, be met Heyrovsky, and their friendship kindled the deep and warm interest in 
Caechosiovakia and its people that was one of the cutstanding features of Druce's life. He first 
visited Czechosiovakia in 1920, and thereafter returned for a long stay at least once each year 
In 1923 he was awarded the degree of Doctoris Rerum Naturaliom by the Charles University, 
Prague, a distinction held by but few Englishmen, and as the years passed he was on terms of 
close personal friendship with Presixlent Masaryk and with many other distinguished men in the 
Government and im industry 

For the greater part of his professional life, Druce was chemistry and botany master at 
Hattersea Grammar School, and was latterly head of the Chemistry Department there. He is 
thus one of the small, select band of schoolmasters who have left their mark on the science of 
chemistry. It was in a temporary laboratory in the grounds of the old school at St. John’s Hill, 
Clapham, that Druce began his search for the missing elements Nos. 43, 75, and 93, and first 
isolated potassium per-rhenate from pyrolusite. His paper with F. H. Loring announcing this 
discovery appeared in 1925 almost simultaneously with Noddack’'s publication of the isolation of 
rhenium from molybdenite, and it is clear that Druce is entitled to the honour of the independent 
discovery of this element. Subsequently he contributed to the elucidation of the general 
chemistry of rhenium and in 1948 published a monograph on this element. His great and 
continuing interest in the subject is shown in one of his last writings, a letter to Nature, jointly 
with Dr. Newton Friend, discussing the possibility that “ davyum,” announced by the Russian 
chemist Kern in 1877 as a minor constituent in platinum residues, may in fact have been 
rhenium 

Druce's enthusiastic interest in chemistry and his skill and resource as an experimenter were 
an inspiration to his pupils. His influence was the more potent because he was not only a good 
chemist but also a man of broad culture and wide interests. He spoke many European 
languages fluently, including Czech and the Slavonic languages, and being a man of high 
integrity and intelligence with a delightfully modest and friendly disposition he won firm friends 
wherever he went, and without abating one whit of his stout patriotism became a powerful 
influence in promoting international fnendship and understanding 

Druce became a Fellow of the Society in 1915, and joined the Royal Institute of Chemistry in 
1019, becoming a Fellow in 1925. In 1937 he was awarded the Order of the White Lion for his 
cultural and sesentific work, and he had the distinction of being an honorary foreign member of 
the Masaryk Acadeny of Work and a corresponding member of the Royal Bohemian Scientifi 
Soctety In 1943 he was awarded the degree of M.A.. London, for a thesis dealing with the 
place of screntific men im the Czech national revival movement 

Such men of science and letters are all too few, and Druce's many friends here and abroad 
mourn his untimely passing and sympathise keenly with his widow and his son, Gerald, who had 
accompanied him on many of his travels and shared actively in his mission of international 
goodwill 


H. V. A. Briscoe 
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laboratories at home and abroad. 
It will also enable many such’ 


products to be supplied in quantity 9“ 
as demands arise for industrial and 
other purposes. 
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Totaphena POOLE 902 Tetagrems: TETRADOME POOLE 
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